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Health Consultation: A Note of Explanation

An ATSDR health consultation is a verbal or written response from ATSDR to a specific
request for mformation about health risks refated to a spevific site, a chemical release, or the
presence of hazardous material. In order to prevent or mitigate exposures, a consultation may
lead to specific actions, such #s restricting use of or replacing water supplies; intensifving
envirommental sampling; restricting site access; or removing the contaminated material.

In addition, consultations may recommend additional public health actions, such as conducting
health surveillance activities 1o evaluate exposure or trends in adverse health outcomes;
conducting biological indicators of exposure studies to assess exposure; and providing health
education for health care providers and commumity members. This concludes the health
consultation process for this site, unless additional information is obiained by ATSDR which,
in the Agency’s opinion, indicates u need to revise or append the conclusions previously
issued,

You May Contact ATSDR TOLL FREE at
1-800-CDC-INFO
or
Visit our Home Page at: hitp:/fwww atsde.cde. goy
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Anscnnda Co. Smelter Site Health Consalitation

. Statement of Issues

The Anaconda Co. Smelter site constitutes a large area in and around Anacondr, Montans
impacted by historical mining activities. The site was listed on the National Priorities List (NPL)
in 1983, and characterization and cleanup of the site by the U8, Environmental Protection
Agency (EPA) and the Atlantic Richfield Company {ARCO) has continued since that time. In
2006, the Agency for Toxic Substances and Disease Registry {ATSDR) received a request from
an Angconds resident to evaluate the action level for arsenic in residential soil that had been
determined in a 1998 Record of Decision (RODY {11, In this health consuliation, ATSDR
evaluates the studies and decisions made to determine the action level, responds to community
questions about the decision made, and determines the public health impact of using the action
tevel in the community,

A. Organization of Report

The “Background” section of this document will present a brief history of the Anaconda site and
then detail varions issues contributing to the setting of the Anaconda residential soil action level,
These issues include arsenic toxicalogy, blomonitoring studies of residents of Anaconda and
other copper smelter areas, studies on arsenic bicavailability and bioaccessibility in soil, and
exposure assumptions used by EPA in risk models and to develop the screening and action levels
for arsenic in soil. In the “Response to Community Requests”™ section of the report, ATSDR will
evaluate various questions and concerns received from the community ahout the soil action level
decision and will summarize a survey of recent arsenic soil action levels at other NPL sites. In
the “Exposure Evaluation™ section, ATSDR will evaluate the potential public health impacts for
residential exposure to arsenic in soil at the current arsenic action level, Conclusions and
recommendations for reducing or preventing any harmiul exposures 1o residents identified will
swmmarize the oversl! findings of this report.

A draft of this report was released for public comment in June 2007, Public comments received
and ATSDR s responses, indicating any changes made to the document, are summarized in
Appendix A beghuuing on page 41.

i1, Background
A. Site History

The following information was consolidated from various histories of the Butte-Anaconda area
published online [2]. In 1881, Marcus Daly bought a small silver mine called Anaconda near
Butte, Montana. Daly built a smelter at Anaconda in 1882 and connected the smelter to Butte by
railroad. He continued to buy neighboring mines, and when huge amounts of COPPer Were
discovered in the area his Amalgamated Copper Mining Company, later rensmed Anaconda
Copper Mining Company, contributed to making Butte “the Richest Hill on Earth®, Following
the death of Daly and the other Butte “Copper Kings” (William A. Clark and F. Augustus
Heinze), the Anaconda Copper Mining Company consolidated their holdings and continued
underground copper mining until the early 1950s. At that time, the company switched to open pit
mining at the Berkeley Pit. Open pit mining was far less dangerous and more economical than
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Anasconda Co. Smelter Site Health Comsultation

underground mining ~ even very low-grade ore could be recovered. Ultimately, about one billion
tons of material was mined, primarily to produce copper, from the Berkeley Pit.

tn 1977, ARCO bought the Anaconda Copper Mining Company, but shut down mining at Butte
ouly a few years later because of falling metal prices. Pumps clearing water at the Berkeley Pit
were shut down and the pit filled with toxic, avidic water. In Anaconda, the smebter was
demolished after its closure in 1981, The smelter stack, the largest free standing brick chimney in
the world, remains in place and is a well-known landmark in western Montana. Heavy metals
from historical mining in the area contaminated Butte, Anaconda, and the Clark Fork River
downstream to the Milltown dam in Missoula, resulting in their inclusion on the NPL for
envirommental cleanup in the 1980s.

The following history of site actions (focusing on residential soils) is taken from the EPA 1996
Baseline Human Health Risk Assessment for the Anaconda Co. Smelter site [3], A schematic of
the site is shown in Figure 2. Two arcas of the site had past smelting activities. The Old Works,
located east of Anaconda and on the north side of Warm Springs Creek, operated from around
1884 101901, In about 1902, smelting and processing operations began at the Anaconda smelter
on Smehter Hill south of Warm Springs Creek and continued until 1980, Both smelters resulted
in large volumes of waste materials, disposed on the ground and in surface waters and used as
fill, and aerial deposition of contaminants from stacks and waste piles near the smelters, The site
was listed on the NPL in September 1983, Initial investigations indicated that the neighborhood
of Mill Creek, immediately east of the Anaconda smelter, was severely impacted by
comtamination, and children there were found to have clevated Jevels of urine arsenic, Temporary
relocation of the children reduced their urine arsenic levels to background, and in 1987 a Record
of Decision for the Mill Creek operable unit selected permanent relocation as the remedy. By the
late 19805, a series of investigations had shown that residential soils and dust in the
neighborhoods of Teresa Ann Terrace, Elkhorm Apartments, and Cedar Park Homes adjoining
the Old Works smelter were also impacted. Contaminated soils from areas exceeding 250
milligrams of arsenic per kilogram soil (mg/kg) in these neighborhoods were removed and
replaced with clean fll tn a time-critical removal action completed in 1992,

A final Baseline Human Health Risk Assessment was produced for the sife in 1998 {31 This
document addressed operable units at the site that had not been previously addressed, including
community soils in Anaconda. To evaluate the residential soils pathway, the risk assessment
used data on surface soils and dust collected by Bormschein in 1992 and 1994, Both lead and
arsenic were evaluated fn the risk assessment. Risks from lead were determined to be within
EPA’s acceptable range. Risks from arsenic were deemed unaccepiable, and therefore arsenic
was focused on as the risk driver at the site [3, personal pommmunication, Sugan Griffin, U S,
Environmental Protection Agency, March 8, 20071
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Amaconds Co. Smelier Siie Health Consultation

B. Arsenic Background and Toxicology

The risks posed by arsenic were determined by EPA fo be the main driver of risk at the site, This
section presents a summary of arsenic’s properties and the health effects that can result from
excess arsenic exposure. Unless denoted otherwise, all information in this section comes from
ATSDRs toxicological profile for arsenie, and additional information van be found thers {41,

Arsemic i 2 naturally occurring metalloid element widely distributed in the earth’s crust. In
nature, arsenic is mostly found in minerals 88 opposed to its elemental form. Arsenic, primarily
as grsenc trioxide, is a byproduct of smelting of copper, lead, cobalt, and gold ores. Major
applications include the preduction of copper chromated arsenic {CCA, formerly used for wood
preserving), pesticides and herbicides used o agriculture, and slloving agents. In recent years,
the use of inorganic arsenic compounds in agriculture and wood treatment has been phased out,
but many sites are contaminated with these compounds from past use. Organic arsenic
compounds, which are generally less toxic, are still used commercially. The organic compound
arsenobetaine is found at relatively high levels in some foods, especially seafood and shelifish,
but is generally considered nontoxic.

Arsenic i a potent toxicant that may exist in several valence states and in a number of inorganic
and orgame forms. Most cases of arsenic-induced toxicity in humans are due to exposure to
norganic arsenic; differences in potencies of different inorganic chemical forms are usually
minor, Organic arsenic compounds {methyl and phenyl derivatives of arsenic acid are the most
common} alse may produce adverse health effects in humans, but it is generally considered that
organic arsenicals are substantially less toxic than the inorganic forms.

Health effects depend on exposure level and can oceur upon inhalation, oral, or dermal exposure
to arsenic or arsenic compounds. Poisoning and foodstff contamination cases provide the main
body of knowledge about buman acute and short-term exposures. Very high oral or inhalation
exposures can be life-threatening or fatal. High oral exposures can cause nausea and vomiting,
decreased production of red and white blood cells, abnormal heart thythm, damage to bload
vessels, and a sensation of "pins and needles” in hands and feet. High inhalation EXPUSUIeSs can
result in irvitation of the lungs or throat. The main effect of dermal exposure to arsenic is local
irritation and dermmtitis,

In addition to acute effects, arsenic is well documented to result in adverse health effects upon
chronie, lower-level exposure. Several human epidemiologic studies provide this information,
Most inhalation studies focus on workers in occupational settings such as smelters and chemical
plants, where the predominant form of airborne arsenic is arsenic troxide dust. Oral studies are
commonly of populations exposed o elevated levels of arsenic, presumably inorganic in form, in
drinking water.

By the inhalation route, the most sensitive effect of inorganic arsenic is an increased risk of hung
cancer, although respiratory irritation, nausea, and skin effects may alse ocour, There are only a
few quantitative data on noncancer effects in humans exposed to inorganic arsenic by the
inhalation route, but it appears that such effects are unlikely below a concentration of about 0.1-
L0 milligrams of arsenic per cubic meter of air {or 100-1,000 micrograms per cubic meter
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Anaconda Co. Smelter Site Health Consuliation

(ug/m’)). Chronic inhalation gxpuosure 10 much lower levels of arsendc in alr increases the risk of
lung cancer. EPA has set a unit inhalation risk for arsenic at 0.0043 (ug/m’y”; this value,
mutltiplied by the average concentration of arsenic in air a person is exposed to over a lifetime,
gives the increased risk of cancer from inhalation, For screening, ATSDR uses a cancer risk
evaluation guide for arsenic of 0.0002 ug/m’. This is the estimated arsenic concentration in air
that would be expected 1o cause no more than one additional cancer case in one million persons
exposed over a lifetime. For a specific exposure scenario, information on exposure duration and
frequency is used with the unit inhalation visk to obtain a more realistic estimate of risk.

At fess than lethal doses, chronic oral {or inhalation) exposure to arsenic can result in such
effects as a darkening of the skin and the appearance of corn- or wart-like growths on the palms,
soles of the feet, or torso. In addition, serious effects on the cardiovascular system are reported,
Chronic oral exposure is known 1o increase the risk of skin cancer and cancer in the lungs,
bladder, liver, kidoey and prostate.

In the case of low-level chronic exposure (usually from water), skin lesions appear to be the most
sensitive indication of exposure. ATSDR considered this end point the most appropriate basis for
establishing a chronic oral minimal risk level (MRL) for inorganic arsenic of 0.0003 mg/kg/day,
The chronic MRL represents the dose of arsenic, in milligrams per kilogram of body weight that
a person could ingest on a daily basis (for periods greater than 385 days) with no adverse health
effects. The MRL is used for sereening by ATSDR; doses that exceed the MRL do not
necessarily result in adverse health effects but require further evaluation. The chronic MRL is
based on a no effect level of 0.0008 my/kg/day in a study of skin lesions and Blackfoot disease
in g Taiwanese population exposed to high levels of arsenic in drinking water and included an
uncertainty factor of 3 for human variability,

ATSDR also established a provisional seute MRL for oral exposure to arsenic of 0.003
mg/kg/day; this is the short-term dose below which no adverse effects are expected, The MRL is
based on a study of poisoning cases associated with arsenic contamination of soy sauce in Japan;
critical effects in the study were facial edema and gastrointestinal symptoms (nausea, vormiting,
diarrhea}, which were characteristic of the initial poisoning and then subsided. The MRL
includes an uncertainty factor of 10 1o account for use of @ lower effect level rather than a no
effect lovel,

Arsenic exposure can be measured in a person’s body in a number of ways. Urine arsenic level is
considered the best method to determine exposures ocourring within the past few days. *Normal”
or “background” urine arsenic levels are difficult to determine because people may ingest
various types and amounts of arsenic through their normal diets. Total urine arsenic
concentrations in people who have not been excessively exposed to arsenic (through, for
example, occupation or distary habits) have been estimated to range from 10 to 50 BUCTORIANS
of total arsenic per liter of urine (ug/L) [S]. ATSDR considers total urinary arsenic levels higher
than 50 pug/L (in the absence of recent seafoed consumption) to be elevated {6]. However,
consumption of seafood containing the nontoxic arsenic compound arsenobetaine can greatly
influence urine arsenic levels (raising them as high as thousands of ug/L). This interference can
be somewhat, but not completely, circumvented by measuring “speciated” arsenic, which
includes inorganic and biotransformed arsenic species and represents the total intake of HOrganic
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arsenic, ATSDR considers speciated urinary arsenic levels elevated if they are above 10-20
ug/L. The American Council of Government and Industrial Hygienists {ACGIH) reconmends a
speciated arsenic urine level of 35 ug/L for a biclogical exposure index, based on background
concentrations in subjects who were not occupationally exposed to inorganic arsenic {71
Regardless of the measure used, no good correlation exists to predict adverse health effects from
uring arsemic fevel,

Sometimes, urine arsenic levels are normalized in a study according to the individual's creatinine
tevel and the result reported as micrograms of arsenic per gram {pg/g) creatinine. This procedure
can be used fo correct for varying dilutions of urine depending of how hydrated the person is and
allows for better comparisons between individuals. However, the method is not perfect;
creatining levels can vary markedly between individuals and with fime in a single individual, and
ne reference levels for urine arsenic on a pg/g creatinine basis are currently available. In 1991,
the ACGHH proposed a value of 50 pg/g creatinine for use as a biological exposure index, and
some exposure studies have used this value as a point of reference. However, the proposed index
was not formally adopted [4.8, personal communivation, Ketna Mistry, Senior Medical Officer,
ATSDR, February 2007]. A National Exposure Report Card 1o be issued by the Centers for
Disease Control and Prevention (CDCY in the next 2 years is expected to publish reference
concentrations for speciated urine arsenic levels on both pug/l and pg/z creatinine bases
{personal communication, Ken Orloff, Assistant Director of Scicnee, ATSDR, March 20071 The
ACGHH currently still uses 35 pg/L speciated arsenic for its biological exposure index.

Arsenic also enters a person’s blood, but it is rapidly eliminated, making measuring blood
unreliable for measuring all but the most recent exposures [4], Long-term storage of arsenic in
other bodily compartments including the hair and nails has led o attempts to measure long-term
exposure using hair and/or nail testing. The inability of analvtical techniques to differentiate
systemic {internal) arsenic from arsenic deposited externally on the hair or nail surface has
limited the usefulness of these methods for predicting either exposure or health effects [4,9].

€. Biomonitoring to Assess Arsenic Exposures in Residents

Based on nitial site characterizations, levels of arsenic in soils in and around the Anaconda
Smelter were elevated to varving degrees. A number of investigations of residents were
conducted to assess potential exposures. Most studies forused on younger children because their
typical activities and hand-to-mouth behaviors could put them at risk for greater exposures than
adults. This section will review the available studies on exposure of residents to arsenic in
Anaconda. A brief deseription of similar studies conducted at other copper smelter sites will also
be presented for comparison.

In 1975, CDC and EPA conducted a nationwide survey of children living around copper, lead,
and zinc smelters [10]. Heavy metal absorption in the children was measured in hair and either
blood or urine. Anaconda was one of the eleven copper smelter towns in the survey. The study
did not indicate whether reported arsenic levels were for total arsenic or speciated; however,
because of the date of the study total arsenic measurements are presumed (reliable speciation
methods came into use later). Hair arsenic levels were much higher in Ansconda than in
comparison towns without smelters. Urine arsenic levels in Anaconda children were also higher
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than comparison towns. OF 40 children tested, 12 had urine arsenic concentrations higher than
the 93 percentile of the comparison towns, 43.5 pug/l. The geometric mean urinary arsenic
concentration i Anaconda children was 30.8 pg/L, and the median was 32.9 pug/L. Maximum
values were not presested in the paper, but it is likely that at least some of the total urine arsenic
concentrations were higher than the level ATSDR considers elevated, 50 ug/L.

In 1978-1979, before the Anaconda smelter shut down, residents participated in a study of
populations living around zine and copper smelters [11]. In this study, published in 1983 after
the smelter had been closed, metals levels were determined in alr, soil, dust, tap water, snd
biclogical samples (hair, blood, urine) at Anaconda, at another copper smelter in Arizona, and at
two zine smelters in Oklahoma and Pennsylvania. (Similar to the study discussed above, reporied
arsenic concentrations are presumed to refer to total arsenic, not speciated arsenic.) The
Anaconda results showed that dust arsenic levels correlated best with hair arsenic levels for all
age groups, and that urine arsenic correlated with air, water, and dust arsenic Tevels for 1- 10 5-
year olds. Hair arsenic levels were reported, but the results cannot be used to predict health
effects because of the difficulty of separating systemic arsenic from arsenic deposited externally
on the hair {9]. Urine arsenic levels are thought to be a better indicator of potential health effects,
but the levels measared in this study were not presented.

Another investigation focused on measuring arsenic exposure in children in Anaconda a fow
vears after the smelter ceased operations, in 1985 [12]. Arsenic levels in soil and house dust and
total urine arsenic levels in children ages 2-6 years were measured in the Mill Creek
neighborhood {downwind and adjacent to the smelter stack), in Fastem Anaconda {gencrally
upwind of the smelter stack), in Opportunity (about 4 miles downwind of the smelter stack}, and
in a conirol town not affected by the smelter. Mill Creck was found to have both higher mean
arsenic soil levels (greater than 700 mg/ky vs. 100 mp/kg in Anaconda and Opportunity) and
higher urinary arsenic levels in children. The mean total urine arsenic level in Mill Creek
children was around 530 pg/g creatinine, as compared to around 20 pg/ in Anaconda,
Opportunity, and the control town. Not corrected for creatinine {to allow comparison with
reference values), the mean total urine arsenic concentrations for Mill Creek children ranged
from 54-66 pg/L., higher than the level ATSDR considers elevated, 50 pg/L {6} Although
maximum values were not reported, it can be inferred that some of the Mill Creek children had
highly slevated urinary arsenic levels. In comparison, the 93 percentile total urine arsenic
values (again, maximums were not reported) for Anaconda, Opportunity, and the control town
were 35-44 ppdl, suggesting that exposures in those locations were not as high. The resulis of
this study were used, in part, to justify the decision by EPA to relocate the & residences which
remained occupied in 1987 [13], The results were also interpreted to show that child EXPOSUres 10
arsenic in other Anaconda locations were not significantly elevated,

Another urine arsenic investigation of children was conducted in 1992-1993 [14]. The
mvestigators measured total and speciated urine arsenic in 414 children under 6 vears old in
Anaconda. The mean total urinary arsenic level was 19 pg/L. and the mean speciated arsenic
level was 9 ug/L. Slightly less than 8% of the children had urinary arsenic levels higher than
those ATSDR considers above normal (50 pg/L for total arsenic and 20 pg/L for speciated
arsenic), There was a correlation between speciated urine arsenic concentration and soil arsenic
level in bare yards. The authors recommended that guardians pay close attention to children’s
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activity, especially hand-to-mouth behavior, to prevent exposure. EPA combined the results of
this study with predicted total and speciated urine arsenic concentrations from EPA's exposure
assessment model for the Anaconda site and found a reasonable agreement between predicted
and measured values, lending support 1o the exposure assumptions chosen {these will be
discussed in detail later in this document) [151.

Residential exposures around other copper smelters have been published and are presented here
for comparison. Children living near the Ajo, Arizona copper smelter were included in the 1975
survey described earlier and had the highest urine arsenic levels measured in the survey
{geometric mean 80.8 pg/L) [10]. Children in the other copper smeler towns surveyed had lower
mean uring arsenic concentrations than Ajo and Anaconda (geometric mean 30.8 pg/L), but all
had elevated urine arsenie levels compared to control towns without smelters,

In 1977, another investigation of arsenic exposure of children aged 5-1% living near the Ajo
smelter was conducted [16]. Tap water in the community was found to have elevated arsenic
levels (averaging 90 pg/l. water, higher than EPA’s past maximum contaminant level of 50 ug/L
water). Blevated hair and urine arsenic levels (mean of 39 ug/L urine, total arsenic presumed)
were measured in Ajo children whe drank tap water daily, and hair and urine arsenic was alse
found to have a lesser correlation with distance of residence from the smelter. The 1983 study
summarized previously for Amaconda also investigated the Ajo community {11]. Environmental
samples indicated that, compared to Anaconda, Ajo had lower levels of arsenic in air, dust, and
soil; but lngher levels of arsenic in tap water {the tap water levels in this study were about one-
tenth the levels in the 1977 study, possibly due to improvements in water treatment), Results
showed that dust and soil arsenic fevels correlated best with hair arsenic levels across most age
groups. In contrast to Anaconds, urine arsenic did nof correlate with dust, but did correlate with
tap water levels for some age groups in Alo.

The community surrounding the Ruston/North Tacoma copper smelter in Washington state was
nvestigated in 1985-1986 [17]. This plant specialized in processing copper ores rich in arsenic
(10-15% by weight) for several decades before its closure just before the study. Arsenic trioxide
was a commercial produet of the smelting operations and the main source of contamination in
the community. Urine arsenic samples were collected from residents up 1o & miles from the
smelter. Although the paper cited previous studies showing average urine arsenic levels as high
as 270 pgdloan residents, in this study urinary arsenic concentrations dropped off to & constant
level {about 12 pg/L} within one-half mile of the smelter. Only children ages 0-6 living within
one-half mile of the smelter {in the town of Ruston) had elevated levels of spectated arsenic in
urine, with a mean urine arsenic of 43.6 ug/L and a2 95% percentile of 120 ugdL. These levels of
arsenic were determined to be the result of hand-to-mouth behavior of children increasing their
exposurg o soil and dust,

Urine arsenic levels were alse measured in children aged 3-11 living near a smelter producing
copper, lead, and arsenic in Morales, San Luis Potosi, Mexico [ 18], Total urine arsenic levels
were quite varied, with maximum values ranging from 230-342 pe/y creatinine for different age
groups. The geometric mean total urine arsenic level ranged from 44-80 pg/g creatinine for
different age groups. For comparison, total uring arsenic measured in children from nonsmelter
and nonmining areas in Mexico showed a geometric mean level of 20.4 Mg creatinine,

4
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ATSDR has conducted exposure investigations in which uring arsenic levels were measured in
residents living in communities with elevated soil arsenic levels, These investigations typically
only included a small number of participants, but those most highly exposed were targeted for
participation. Although urine arsenic levels can only be used to infer recent arsenic exposures, it
is of note that none of the investigations indicated levels of arsenic in urine that would be
considered elevated {2-3 of the studies did not speciate arsenic, which may add uncertainty to
this staterent) {19-25]. In only one investigation, three participants had higher-than-normal
uring arsenic levels; but these levels were determined to be due 1o recent seafood consumption or

.

other exposure 1o organic arsenic compounds [26].

In summary, blomonitoring of children in the Anaconda area has been useful to indicate elevated
past exposures while the smelter operated and, later, in the Mill Creek area of the site. More
recent measurements showed average urine arsenic levels to be similar to control towns;
however, some children still had elevated arsenic levels, indicating the need to continue to
address arsenic exposures at the site,

Druring the time of these studies, a body of literature had been growing which suggested that
arsenic may be less well sbsorbed from some soils by the gastrointestina! tract, Animal
experiments on relative bicavailability (a measure of the amount of arsenic absorbed from soil
compared to the amount absorbed from a reference material) were performed on soils from
Anaconda, other mining sites, and other types of arsenic-contaminated sites, These studies will
be diseussed in the following section. In addition, laboratory methods for determining how much
sotl arsenic could dissolve in gastric fluids and potentially be absorbed (termed bioaccessibility)
are also being developed; these will alse be reviewed,

D. Stadies on Bioavailability and Bioaccessibility of Arsenic in Soil
L. Relative Bioavailability of Mining-Impacted Soil - dnimal Models

Prior to 1994, two site-specific studies of arsenic bivavailability in the Anaconda and Butte areas
had been published. Davis ef of. tested 2 soils, one blended from Butte soils to represent mine
waste souls not impacted by smelter activities, and one collected from a roadside in Anaconda
{27} The mvestigators performed in vive experiments with Butte soil on 24 female New Zealand
white rabbits. The rabbits were sacrificed in triplicate at various time points to study the
dissolution of arsenic minerals in the gastrointestinal tract: 11% of the total arsenic and 6% of the
total lead were solubilized in the small intestine. {These values were determined at one fime
point and thevefore cannot be used to estimate overall dissolution possible in the small intestine)
The investigators also performed electron microprobe analysis to characterize arsenic mineralogy
of the Anaconda soil fed to one rabbit as well as mineralogy of arsenic species excreted in the
feces. Readily dissolved arsenic oxides and hydrates in the Anaconda soil were not present in the
feces; sulfides that predominated in the soil were present in the feces, No information was
provided that would allow mass balances on excreted materials, and therefore g guantifative
calculation of relative bioavailability is not possible for these experiments,

In another study reported in 1993, Freeman ef ol. dosed groups of New Zealand white rabbits {3
male and 5 female per group) with various doses of residential soil from Anaconda, MT 28],

1
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Control groups were untreated, dosed intravenously with sodivm arsenate, or dosed by gavage
{i.e., through a tube to the stomach) with sodium arsenate, Urinary excretion of arsenic was used
to determine relative bloavailability of soil {relative to gavage sodivm arsenate) to be 48%. In
this study, about half the dosed arsenic was exereted in the feces of the rabbits, as opposed to
very low percentages found to be excreted through feces in humans and other animal studies,

I 1994, EPA adopted a default policy for arsenic bioavailability for the Clark Fork Superfund
stte; this policy was adopted at adjacent sites including the Anaconda Co. Smelter site. The
position paper describing this policy reviewed the literature available on absolute and relative
bicavailability of arsenic in human and animal studies until that time [29]. The paper recognized
that different forms of arsenic are likely to have differing bioavailabilities and that the amount of
arsenic absorbed from ingested mine wastes would be most dependent on the amount that
dissolves during gastrointestinal transit. However, the paper discussed significant differences
between humans and the rodent and rabbit models used until then — such as feeding behavior,
stomach pH, and digestive flora — which may limit the applicability of data from these species,
The policy adopted included the following guidance:

» I site-specific in vivo data on arsenic absorption from site wastes are available, they
should be relied on in proportion to the confidence placed in the data (which in turn
depends on choice of animal model, concentrations of arseniv tested, exposure medium
utilized, and study design).

¢ If site-specific in vive data are lacking but mineral speciation data are available indicating
60% or more of the material is in sulfidic form in a fairly insoluble low-arsenic matrix,
assume a relative bicavailability of 50%.

s If'the above in vivo or mineralogic data are not available, assume 100% bivavailability
for finely grained oxides from smelter stack emissions, pesticide/herbicide application, or
wood treatment processes; of assume a default 80% relative bivavailability for ather
types of arsenic associated with pon-food solid matrices such as soll, slag, or waste rock.

While the above policy was being developed, the Battelle group working under Dr, Freeman was
studying arsenic bioavailability in another animal model, cynomolgus monkeys. Initial and final
reports were reviewed by EPA {30,31]; a peer-reviewed report of the study was published in
1995 {32]. The monkey model was chosen for improved physiological and anatomical similarity
to humans, The authors dosed 3 female monkeys with different amounts of soil and house dust
from Anaconda, (Movkeys were cyeled through different dose regimens with a “washout” period
between, and were fasted for 16 hours before and 4 hours afler dosing.) Absolute bioavailability
referenced to intravenous sodium arsenate was caloulated from urinary excretion and from blood
measurements. The authors report mean absolute bioavailabilities based on urine of 19.2% for
dust and 13.8% for soil {32]. However, these values were obtained by normalizing results of
urinary arsenic recovery from other dose groups to compensate for a poor recovery {(~70%;) from
the intravenous administration group. EPA determined that this normalization tended to
underestimate the absorption of arsenic and recommended the use of the following wnnormalized
absolute bioavailabilities: 91% for gavage, 18.3% for soil, and 25.8% for dust [31], The soil and
dust absolute bivavailability values were carried over to the Anaconda Human Health Risk
Assessment [3] and used interchangeably with relative bioavailability; since gavage absorption is
known to be almost complete (and was complete, within experimental error, in this study} the

i
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absolute and relative bioavailabilities are essentially the same ipersonal communication, Susan
Griffin, U.S, Environmental Protection Agency, January §, 20071,

In the late 19905, EPA and others began using juvenile swine for site-specific arsenic
bioavailability studies [33-39]. Advantages of this animal model include its similarity to young
children in body size, weight, bone-to-body weight ratio, and gastrointestinal anatomy and
physiology. Swine have feeding and digestive processes similar to humans, and they also
metabolize and excrete arsenic more Bke humans than the rabbit or rodent models used
previously, In addition, later studies employed a subchronic dosing regimen thought to more
closely resemble human incidental exposures over thme (summarized in {391},

Other Montana mining-impacted soil studies have shown similar bioavailability in swine testing
as the Anaconda tests showed for monkeys. Butte residential soils have similar mineralogy as
Anaconda soil and it was thought that bicavailability would also be similar [persomal
communication, Susan Griffin, U.S. Environmental Protection Agency, January §, 2007]. Further
tests of Butte soil conducted using the juvenile swine model showed relative bivavailabilities of
two Butte test soils of 17% and 22%, similar to the bivavailability from the Freeman monkey
studies (371

A recent (2007) study using cynomolgus monkeys reported relative bivavailability of 1345% for
soil labeled as *Montana smelter soil” (reportedly taken from the Anaconda site but not the same
soil sample tested by Freeman) [40]. Other samples tested in this study included soils from
several western mining-impacted sites {mean relative bivavailabilitics of 13-18%), and several
pesticide or herbicide-inpacted sites in various parts of the country (mean relative
bivavailabilities of 3-31%). In the experiments, the authors dosed § male monkeys with various
doses of contaminated soil from 12 sites. (Monkeys were cycled through different dose regimens
with a “washout” period between and were fasted overnight before and for 4 hours after dosing.)
Relative bicavailability was caleulated from urinary excretion with reference o a gavage dose of
aqueous sodium arsenate given to the same monkey (i ¢., each monkey served as its own
control). The same authors had previously used a similar procedure and cebus apella monkeys o
determine relative bicavailability of arsenic in five waste soils from Florida [41).

In summary, various animal models have consistently shown Anaconda Co. Smelter site soils to
have a low relative arsenic bioavailability compared to aqueons sodium arsenate. Tests of soils
from arsenic-contaminated sitex across the country have shown relative bivavailabilities to be
highly site-specific, ranging from less than 10% to near 100%. Table 1a and 1b below
summarize arsenic soil bipavailability results from the available Hterature. The values in the third
column of Table 1a (swine study results) were taken directly from the original report. Some of
the results were analyzed further and refined in an EPA summary-—resulting in some
changes/corrections to the originally reported result. These are denoted in the second column of
the table. ATSDR did not verify or reproduce the calculations leading to the results summarized
in Tables la and b,
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Table 1a. Soll Arsenic Relative Bioavailability Adjustments (RBAs) from Animal Studies

-~ Bwine Studies
Site/Sample Description Recaloulated RBA from | Driginally Reporied Criginad
EPA 2008 Summary [3Y9] REA Referanos
Sherona River Test Materiad § 0.38 .37 {38}
Aberiona Fiver Test Material 2 0.52 .51 38
Murray Smelter Slag 03,85 .51 34
bMurray Bmelter Soil £.33 (.24 {34}
Pabmerion Location 2 .48 {1.39 134]
Palroerton Location 4 .51 052 {24
Aspan/Smuggler Berm - 082 341
AspeniSmugglerResidential - 0.88 341
Bingham Cresk Channel Soil (Kennecott) .28 0.37 241
Butte Soi $.08 0.1 34]
Bulle Test Matarial 1 0,18 017 37
Butle Test Matenal 2 024 .22 1371
Latiforma Gulch AV Slag .13 0.07 34
California Guich AV Slag T2 - .15 34
California Guich Fe/Mn PO 0.57 0.28 1341
California Gulch Phase | Residential Sofl .08 08 134
Clark Fork Tailings .51 049 134
E! Paso Test Material 1 - {44 {3
El Paso Test Maleral 2 « .37 {38}
Midvale Slag 0.23 0.18 134
Ruston/North Tacoma slag ~ Q.42 a3
Ruston/Morth Tacoms sall - .78 33
VBITO Test Material § 0.4 0.35 35
VBIZO Test Material 2 042 .45 fasi
VEBIZO Togt Material 3 .37 0.38 {381
VBITO Test Material 4 .24 .21 [35]
VBIZTO Test Material § 029 0.18 [35]
| VBIYO Test Material 6 inod a site sampls} .24 0,23 {251
13
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Table 1b. Soll Arsenic Relative Bioavailability Adjustments (RBAs) from Animal Studies

-~ Cither Aninesl Bodels

Sample Description Arbmal Model Reporled RBA | Referenoe
Anaconda Sol Mew Zealand white rabbit .48 faa1
Angcontis Soll cynormolgus monkey 4,183 3
Anaconda Dust synomolgus monkey 0.258 {301
Anaconda Sofl PMontana Smelter Soll™) cynomolgus monkay 013 40
California Mine Tallings cynomolgus monkey .18 {40
Colorado Residential Soll (VBIZ0) cynomolgus monkey 0.17 (401
Colorado Smelter Composite Soil cynomolgus monkey 0.18 {401
Colorade Smelter Sol cynomolgus monkey 0.05 {40]
Florida Chemical Plant Soil cynomplgus mankey 0.07 {40]
Fiorida Cattle Dip Yat Soil cynomolgus monkey 031 {40}
Hawail Herbicide Facility Sofl cynamlgus monkey 0.05 40]
New York Qrohard Soil cynomolgus monkey 015 40
New York Pesticide Facility Soil-1 cynomalgus monkey .19 40
New York Pesticide Facility Sofl-2 cynomolgus monkey 0.28 2
New York Pesticide Facility Soil-3 cynomolgus monkey 0.2 [40]
Washington Orchard Soll synomolgus monkey 0.24 [40]
Western lron Slag Soil cynomolgus monkey 0.13 [40]
Elecirical Substation - Florida cebus apells monkey $.148 {41
Cattle Dip Site - Flovida cebus apalla monkey 0.247 {41}
Pegticide site #1 - Florida abus apelia monkey D.AGY {41
Wouod freatment site - Florida cebus apella monkay 0,163 41
Pesticide site #2 - Florida cebus apella monkey 0.17 41

2. Bisaccessibility of Arsenic - In Vitre Models

Concurrently with recognition of site-specific bioavailability in soil, investigators have been
working on in vitre (benchtop) models, which would allow prediction of bicavai lahility in a less
time- and labor-intensive way than animal studies. Various methods have heen developed to
simulate gastric and digestive conditions and assess the amount of arsenic that would dissolve in
the digestive tract—termed the bicaccessible fraction—and thus be available for absorption,
Bivaccessibility is not the same as hivavailability, since time Sctors or active vs, passive
absorption might affect both the amount dissolved and the amount actually taken through

digestive membranes.

In 1994, Mullins and Norman published a study of solubility of metals in windblown dust in
simulated organ fluids {42). In samples from four sites in Butte, Montana, the authors measured
arsenic, cadmium, copper, manganese, and lead levels as a function of particle size and of
solubility in fluids simulating the pH of the lungs, stomach, and intestines. The authors noted that
arsenic compounds had less than 3% solubility in Tung or intestinal fluid; acidic stomach fluids
increased the arsenic solubility to 17-42%.

14
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In 1996, Ruby ef of developed a physiologically based extraction test (PBET) for predicting
biouvailability [43]. This test modeled human gastrointestinal tract parameters including pH and
chemistry, soil-to-solution ratio, stomach mixing, and stomach emptying rates. Two soil samples
and one household dust sample from Anaconda, Montana were tested using this procedure (the
same samples as tested in the Freeman rabbit and monkey studies). Relative bicaccessibility of
arsenic was defined as the average soluble arsenic mass remaining at the end of the small
miestinal phase of the simulation divided by the tolal arsenic mass added to the reaction vessel,
corrected for recovery of a soluble arsenic spike in a control simulation. Soils were found to have
relative bivaccessibility of 44-30% using a gastric pH of 1.3 and 31-32% using a gastric pH of
2.5. House dust was found 1o have a relative bioaccessibility of 35%, using a gastric pH of 2.5,

In 1999, Rodriguez ef ol built upon the PBET to develop an in vitro gastrointestinal (IVG)
method [44]. The authors tested the IVG method with 15 soils collected from a “typical
mining/smelter site in the westemn U.S.” and compared the results with in vivo results from swine
dosing. In some experiments, the authors included amorphous iron hydroxide gel to simulate
testinal absorption. Suils representing calcine material {a waste product which results from
smelting of arsenopyrite ore for extraction of arsenic) showed very low bioaccessibility {less
than 4%, while other soils had a mean relative bioaccessibility in the range 20-25%. The authors
stated that the IVG results were closer to in vivo results than PRET, but concluded, “H i3 undikely
that an in vitre method can be developed which will replicate i vive bioavailability. The human
digestive system 15 too complex and dynamic to simulate in the laboratory.”

Soil extraction-based i virre methods have been studied further and refined, but their utility in
predicting human bioavailability has not been proven. Results appear to vary depending on the
protocol used [45), type of soil or slag tested [46,47), aging or weathering of soil contaminants
{47-49], ar the presence of other materials that may increase or decrease adsorption [530.31], In
most cases, bivaccessibility results have been shown to be poor predictors of bicavailability
measured in animal studies {39,46,47,521. Novel methods, such as using bactenial sensors fo
assess microbial bioavailability, are being developed, but it is not known how this property may
correlate with human digestive bioavailability [53]. At this time, additional research is needed to
make i vitro methods useful for risk assessment.

E. EPA’s Exposure Assessment Model Applied to Anaconda

In preparing its risk assessment for the site, EPA used a model to predict risk resulting from
exposure to contaminants through various pathways, The exposure pathway applicable to this
health consultation is that of exposure of residents o arsenic in soil and dust, and the caleulations
and assumptions made will be reviewed in this section. The first step is to determine the chronic
daily intake (CD1) in milligrams of arsenic per kilogram of body weight per day (mg'kg/day)
resulting from this exposure, The CD is calenlated using the following gguation

LR IRRCF x FIn EF x ELix BAF

Ch = where
BW = AT '
€8 = concentration of arsenic in soil or dust, in milligrams per kilogram (mg/ke),
IR = ingestion rate of soil and dust, in milligrams per day (mg/day),
is
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CF =
FI =
EF =
ED =
BAF =
BW =
AT =

a conversion factor of 10 kilograms per milligram,
fraction of ingestion from contaminant source, unithess,
exposure frequency in days per year,
exposure duration in yvears,
boavailability factor for arsenic in soil or dust, unitless,
body weight of child or adult in kilograms, and
averaging time in days.

To determine the overall CD, individual CDIs for dust and for seil, for children and adults over
the time peniod of interest, are summed. Next, the CD1 is multiphied by the oral cancer slope
factor for arsenic, 1.5 (mg/kg/davy’ [34], to determine cancer risk, {Alternatively, to determing
the noncancer hazard quotient, the CDY s divided by EPA’s oral reference dose of 0.0003
mp/kg/day). Table 2 gives assumptions used by EPA in caleulating risks posed by the residential
sotd/dust for use in the risk assessment,

Table 2. Exposure Assumptions Used by EPA to Calculate Risks from SoiliDust
Residential Exposure at the Anaconda Co. Smelter Site

Assumed Reasonable Maximum Yalue
xposurs Children- | Children- | Adults~ |, " " | Source
dust soil dust
v : . ‘ s EPA site
o8 Measured valuss from site charactenzation characlerization
IR imglday) a0 2000 ity 1607 ERA Default Values
Fi (.55 245 .55 0,45 Assumed
EF {davsivegry | 350 350 | 350 350 EPA Default Values
EL {vears) & o) 24 4 EPA Default Values
, Site-spacific
BAF 0.258 0,183 0.258 0,183 monkey study 128]
BW (kg 15 15 70 70 EPA Default Values
LCancer Cancer: Cancer, R,
AT (days) 365770 365°70 | 38570 Noncancar- |* | EPA Defaut Valves
: Noncancer: | Noncancer: | Noncancer BEED ' '
365 ED 38RED IBEED
IR, Ingestion Rate, refars to total ingestion of soil and dust. When multiplied by Fl, frantion ingested, the
soif or dust ingestion is oblained.

Soil screening levels were determined by essentially reversing the above caleulations, starting
with risk to determine the concentration in soil and dust corresponding to that risk. In order to
complete these caleulations, an additional piece of information was needed, that of the
contribution to dust arsenic level by soil arsenic. This information was obtained from studics by
Bornschein in 1994 as reported in the risk assessment [3]. Analysis of paired soil and interior
dust measurements in homes in Anaconda and in Opportunity suggest a transfer coefficient of
0.43 for movement from soil to dust. Therefore, U8y was set at 0.435C8,,; in the equations,
and solving for CS, for a given risk level, the corresponding soil screening level could be

obtained.

Using this procedure, ATSDR reproduced the residential scenario’s risk-based screening levels
for arsenic reported in Table 6.6 of EPA’s Baseline Human Health Risk Assessment for

16
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Angconda [3]. Table 3 below shows U8y values (screening levels) resulting from various risks,
using an oral cancer slope factor of 1.5 (mg/kg/day)” and the exposure assumptions detailed in
Table 2 and in the above text.

Table 3. Anaconda Co. Smelter Site Soll Screening Level {08,.) Values
Corresponding to Various Cancer Risks®

Target Cancer Risk Level Corresponding C8,., Value, mglkg
1% 107 287
1 %107 30
§ %100 3

“Cancer sk based on S-year child exposure plus 24-vear adull suposurs.

EPA selected 250 mg/kg arsenic in soil a5 the action level for residential soil in Anaconda, Based
on ATSDR s reproduction of the screening level caleulations, given the exposure assumptions
used this action level falls into the typical risk management range for EPA decisions, since the
action level corresponds to an excess cancer risk of less than 1 x 107

1. Response to Community Requests

A number of requests and concerns were presented to ATSDR regarding the residential arsenic
soil action level selected, In addition, a number of stakeholders and interested parties provided
information for ATSDR s consideration in preparing this consultation. This information is
summuarized following the “References” section of this document in “Additiona! Information
Reviewed”,

The community had questions about the applicability of some of the exposure ASSUMPHONS
{bioavailability factor, soil ingestion rate, fraction of soil versus dust ingested, slope factor, and
target risk level) used in the screening level calculations, ATSDR examined these EXPOSUre
assumptions and evaluated their influence on risk calculations used to caleulate sereening and
action levels. Another request from the community was for ATSDR to summarize arsenic
residential soil action levels for other NPL sites and indicate where the Anaconda action level fit
into the range. This summary will follow the exposure assumption evaluation presented below.

A, Evaluation of Exposure Assumptions Used in Determining Action Level
1. Bioavailability Factor

The conupunity raised several issues which could affect the validity of the bioavailability factor
used in the Anaconda risk assessment {25.8% for dust and 18.3% for soil}. As described above,
these values were determined from the Freeman monkey study using Anaconda soil {30-32]. In
the following paragraphs, ATSDR presents each issue raised by the community, followed by &
discussion of the issue and its potential effect on the screening level predicted from the exposure
equations listed in the previous section.

Relative vs. dbsolue Bivavailability

Congern: EPA used absolute bioavailability instead of relative biaavailability, which is higher.
Response: ATSDR found that the bioavailability factor used in the risk assessment is indeed

i7
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equivalent to the absolute bivavailability. Mathematically, the relative bioavailability is equal to
the absolute bioavatlability if the absolute bicavailability of the reference material {agueous
sodium arsenate in this case) ix 100%. Most researchers assume that this is the case with agueous
sodium arsenate. In the Freeman monkey study, the measured absolute bicavailability of aqueous

{32} "normalized” the values which EPA deemed inappropriate). Blood measurements indicated
the absolute bioavailability for sodium arsenate to be between 91 and 100%. EPA assumed that
the aqueons sodium arsenate was actually absorbed at 100% and therefore, absolute
bivavailabilities for the soil and dust materials could be used interchangeably with relative
bivavailability. If 91% was used for the absolute bivavailability of agueous sodium arsenate, the
relative bioavailabilities Tor soil and dust would change from 18.3% to 20.1% and from 25.8% to
28.4%, respectively. This would result in a reduction in the arsenic screening level calculated for
a target risk of 110 from 297 mg/kg to 270 my/ke.

Number of Animals Used in Experiments

Concern: The low monber of animals used in the monkey study upon whick the oavailability
Jactor is based muke the results too wcertain,

Response: The Freeman monkey study used 3 monkeys, which were cycled through different
experimental exposures. The low number of animals is necessitated by the high cost of
performing primate studies and is typical of other primate studies in the literature. Individuals
miay have higher or lower absorption depending on many factors; this adds uncertainty,
However, the other studies performed on Anaconda and Butte soils, which obtained similar
results, serve to add confidence to the Freeman monkey study result, ATSDR tested the effect of
changing soil bivavailability on the screening level corresponding to 2 1107 excess cancer risk.
The various studies on Anaconda and Butte soils reported bioavailabilities ranging from 13% 1o
22%; these soil bicavailabilities result in screening levels ranging from 366 mp/kg to 243 mgke,
These values are higher than or very close to the 250 mg/kg arsenic soil action level selected.

Bioavaitability Comparability Between Sires

Concerm: The bivavailability factor is lower at Anavonda than at tther sites.

Response: Arsenic bioavailability in soil from different sites is highly variable. As summarized
in Tables 1a and 1b on pages 13 and 14, experiments conducted for other site soils have
determined arsenic bioavailabilities both higher and fower than that at Anaconda (although the
Anaconda soils are toward the low end for bipavailability). Risk managers at other sites may
decide to use default values for bivavailability if they perceive that the cost of doing site-specific
bicavailability studies is higher than the additional cleanup resulting from over-estimation of
risk. The next section of this document includes a summary of sofl arsenic action levels and

Rabbit Srudy

Concerm: Why was the Freemun rabbit study not considered to extimue bivavailability — was it
dropped because the result way too high?

Response: The 1993 Freeman study on rabbits indicated a relative bioavailability of 48% for
arsenic in Anaconda soil {28], However, the significant differences between humans and the
rabbit model ~ Including arsenic metabolism, feeding behavior, and digestive tract chemical and
physical properties ~ make the data of little use in estimating bioavailability in humans. For
example, rabbit blood cells bind arsenic more tightly than humans, and rabbits exhibit
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coprophagy, where partiaily digested food material is exereted fecally and reconsumed fo allow
move nutrients 1o be absorbed. ATSDR considers the monkey and swine models better for
representing human arsenic absarption,

Validive af Urinary Excretion to Estimate Bioavailabifity

Concern: The wse of wrinary excretion data underestimates bioavailability,

Response: Some researchers have questioned the utility of animal models and the procedures
used to caleulate relative bioavailability, In particular, they state that the caloulation of
bioavailability from urine excretory data alone can cause underestimation of binavailability,
Typically, dosed arsenic that is not recovered in urine and foces is neglected in urine-based
relative bioavailability calculations. This could cause underestimation of relative bioavailability
if the unrecovered arsenic is in fhet absorbed [personal communication, Fim W, White,
Washington State Department of Health, February 2, 20071, To explore this, ATSDR examined

how these concerns might fmpact bicavailability studies that focus on Anaconda soils.

ATSDR examined data on total arsenic recovery and fecal excretion data from the Freeman
monkey study [32]. Mean total arsenic recoveries (in urine and feces) for reference, soil, and dust
tests were 94.419.2%, 101£7%, and 95 445.2%. Because the arsenic is essentially all accounted
for, it is unlikely that significant errors in the relative bioavailability calculated using urinary
data were introduced. Standard deviations were higher for fecal data than urine data, so it is
unlikely that using fecal data to caleulate the relative bicavailability would give a better value,
Recovery data from the recent Roberts study was also examined {40]. The arsentc recovery in the
test on Anaconda soil was 95.1211.1%, but recovery of the reference material was only

Ri3.724 2%, If the unrecovered arsenic for the reference is assumed to be absorbed {L.e., added 1o
the urinary data), it would result in & lower calculated bioavailability, As a final comparison, the
swine study on Butte soil was also examined [37]. This study used a different protocod than the
monkey studies. Arsenic recovery data in urine and feces was presented as 79.3% and 89.4% for
the two test materials and 95.8% for the reference. This is the opposite case as previously
described, since the test material had lower recovery than the reference. In this case, if the
unrecovered arsenic is assumed to be absorbed (e, added to the wrinary data}, it would result in
a higher caleulated bivavailability,

On the basis of this evaluation, it appears that the procedures for evaluating dats from animal
models have the potential to introduce considerable uncertainty into caloulated bicavailabilities.
The experiments on which the Anaconda relative bioavailability values are based had a relatively
good recovery and are thus not expected to be subject to great errors, In Hight of the potential
uncertainty introduced, however, ATSDR will include discussion about the effest of changing

LR

soil and dust bioavailabilities on expected public health impact in the Exposure Evaluation
section of this docament.

Soif Dose

Concerm: The dose used in animal studios is wnrealisyic,

Response: The Freeman monkey study used a dose of 1,500 milli grams of soil per kg body
weight. Compared (o a typical child’s incidental ingestion of soil (200 mg/day corresponds to
about 15 milligrams of soil per kg body weight), these doses are a hundred times hi gher than
would be expected to ocour normally, They are 3-4 times fugher than a child who intentionally
eats soil (exhibits soil pica behavior) might consume. The higher dose used in monkey
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experiments could result in differences in absorption and metabolism which would add
uncertainty to the result. Swine studies typically use much smaller soil doses, on the order of
typical incidental soil ingestion levels, so they would be less subject to this uncerainty,

Unreliable Techmigue

Concern: The lack of protocols and siandard QA/QC makes bioavailability results suspect,
Response: Different reseurchers have used varying protocols in conducting animal experiments,
and protocols and analytical techniques have been modified to improve confidence in the rosulis.
ATSDR recommends that researchers continue to look for ways to improve reliability and
reproducibility of these experiments, but we also believe that results obtained to this date provide
useful information and can validly be used for risk assessment for this site.

To sunmarize, ATSDR feels that EPA made a reasonable seloction for soil and dust
bicavailability factors in its exposure model for Anaconda. The results of the Freeman muonkey
study have been supported by additional results from swine studies on similar soils and # recent
monkey study which tested Anaconda seil [37,39,40], In addition. the bioavailability values used
at Anaconda were shown to be consistent with actual exposure data from the community 151
Finally, ATSDR looked at the effect of varying the bivavailability in exposure caleulations for
this site, and a reasonable degree of uncertainty in the bioavailability would not affect the
sereening level by a great amount,

On the other hand, ATSDR recognizes the concerns the community has pointed out about
Hmitations of bicavailability studies in making 3 definitive estimate of arsenic biowvailability, OF
these concerns, the one with the greatest potential for affecting estimated exposures is the
possible underestimation of bloavailability resulting from incomplete arsenic recovery. Although
this does not appear to be 4 major source of uncertainty in the Anaconda hicavatlability factors,
ATSDR will attempt fo address the community's concerns by discussing how changing relative
bioavailability for soil and dust will affect the anticipated public hesith effects of the Exposure in
the Exposure Evaluation section of this document,

2. Soil Ingestion Rote

In calculating risk and screening levels, EPA used a child reasonable maximum soil ingestion
rate of 200 milligrams per day (mg/day). The community provided comments to ATSDR about
this soil ingestion rate. The comments stated that EPA had revised its default values for soil
mgestion and that 400 mg/day was now recommended for reasonable maximum exposurs for
children. This is not accurate. The Exposure Factors Handbook and Child-Specific Exposure
Factors Handbook summarized findings of studies on soil ingestion [55,58]. A table in each
handbook indicates 100 mg/day e the mean and 400 mg/day as the upper 95% pergentie, In
reference to the 400 mg/day value, the text states, “however, since the children were studied for a
short period of time and usually during the summer months, these values are not estimates of
usual intake.” In addition, the exposure handbook recommendations are not the default values for
use in risk assessment; default values are set for the Superfund program in Risk Assessment
Guidance for Superfund [37,58], In this guidance, EPA specifies the use of 200 mygiday soil
ingestion for children for reasonable maximum exposure. ATSDR's Public Health Assessment
Guidance Manual also recommends the use of 200 mg/day for soil exposure estimation for
children [591],
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Comments also cited soil ingestion studies reported by Calabrese [60]. Sixty-four randomily
selected children aged -4 years and lving in Anaconda took part in the study, which measured
tracer elements in soil and dust and in children’s fecal output to determine ingestion, The resulis
showed significant variability between subjects and between tracer elements. Results using the
so-catled “best tracer methodology™ indicated that median soil ingestion was less than 1 mg/day
and the upper 95% percentile value was 160 mg/day [60]. Although not presented in the
Calabrese publication, EPA’s risk assessment for Anaconda reports that the study showed mean
soil and dust ingestion of 83-117 my/day and a 90 percentile of 273-277 my/day, depending on
the tracer methodology used [3] EPA’s Office of Rescarch and Development also reviewed the
study [61]. The reviewer concluded, “Balancing the available data, 1 do not believe that the
findings of the Calabrese study in Anaconda are in conflict with the Superfund Program’s usual
approach that uses a value of 200 mg/day in a reasonable maximum exposure caleulation” [61],
ATSDR concludes that the soil ingestion rate of 200 mg/day is appropriate,

3. Fraction of Soil Versus Dust Ingested

In the risk assessment, EPA assumed that the daily soil ingestion was split into dust ingestion
and soil ingestion, with 55% of the ingestion contributed by dust. Comments from the
community questioned the validity of this assumption and stated that the approach was not
supported by soil ingestion studies.

Superfund guidance makes the following statement about the 200 mg/day default value
{emphasis added]: “The value suggested for ingestion rate (IR} for children 6 years old and
younger are based primarily on fecal tracer studies and accomnt for ingestion of indoor dust as
well as outdoor soil.... A term can be used to account for the fraction of soil or dust contacted
that is presumed to be contaminated {FI). In some cases, concentrations in indoor dust can he
equal to those in outdoor soil. Conceivably, in these cases, F1 could be equal 1o 1.0.7 1571 On the
bass of this guidance, 1t is appropriate fo split the daily soil ingestion rate into soil and dust
fractions if the soil and dust have different bloavailabilities or different contaminant
concentrations, since they contribute differently to contaminant exposure. The relative
proportions used as defaults (45% outdoor soil and 55% indoor dust) are discussed in EPA"s lead
model (IEUBK) guidance as follows: “The ratio of soil intake to dust intake is not sumply
proportienal to the ratio of the number of waking hours that the child spends outdoors versus
indoors. Children spend only 15 to 30% of their waking hours playing outside but are more
likely to be in contact with bare soil areas, in locations with Jarge amounts of accessible loose
particles, and are likely to wash their hands less often than when they are indoors. The default
45/55 ratio in the model represents our best judgment of a properly weighted ratio for this
parameter.” [62] ATSDR considers the rationale for choosing the default soil/dust ingestion ratio
to be reasonable and equally applicable to ingestion of soil and dust vontaining arsenic as that
containing lead.

It is possible that a greater or lesser percentage of overall incidental ingestion comes from soil,
To examine the sensitivity of screening levels resulting from the assumed value of this
percentage, ATSDR varied the percentage for soil ingestion from 20% to 90% {with
corresponding percentages of dust ingestion percentages of 80% to 10%6). As shown in Fi gure 3
below, the resulting screening level was relatively insensitive to the percentage chosen, and
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varied only from about 240 mg/kg o about 340 mg/kg over the entire range of percentages.

Figure 3. Effect of Assumed Soil Ingestion Fraction on Caloulated Screening Level

8 8 288 88 =5

- &

Resulting Screening Level, mgfky

] 0.2 .4 08 3.8 1
Fraction of Soil Ingestion

4. Oral Slope Factor For Arsenic

ATSDR received questions from the community asking if proposed changes to the maximum
contarminant level for arsenic in water and/or oral slope factor for inorganic arsenic ingestion
would affect the protectiveness of the soil action level.

EPA has supported various reviews and updates of its risk assessment for inorganic arsenic in
water {63, 4], These draft reports have recommended changes the way the epidemiofogic data
forming the basis of the current oral slope factor for arsenic is analyzed. The changes would
result in an increase in the oral slope factor and a correspondingly higher estimated cancer risk
for a given exposure. The drafit reports and recommendations are currently being reviewed by
EPA’s Science Advisory Board and do not represent final EPA policy or decisions. ATSDR does
not know when the update will be completed. Until that time, ATSDR’s policy is to continue to
use the current arsenic oral slope factor of 1.5 (mg/kg/dayy Yinits exposure calelations
{personal communication, Selene Chou, Toxicological Profile Manager for Arsenic, ATSDR,
March 13, 20071,

5. Target Risk Level

EPA’s selected arsenic soil action level results in a calculated increased cancer risk of § in
100,000 (82107}, ATSDR received comments that Montana’s point of departure for cancer risk,
110 100,000 {12107, should have been used. ATSDR does not have authority to specify target

risk levels for EPA risk caloulations. The estimated increased risk of cancer falls within EPA's
acceptable cancer risk range of 1x10™%t0 12107,

B. Survey of Residential Soil Arsenic Action Levels

A detailed compilation of arsenic soil RODs has been published in the literature, but includes
only RODs through 1998 [65]. ATSDR conducted additional searches to update this information
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and look more closely at how the action levels were determined. Searches were conducted in
EPA’s Record of Decision System database to identify action levels for arsenic in residential
soils [66]. The database was searched using various keywords (such as arsenic, mining,
residential soil, and others) to identify potential sites, and the site RODs were then examined to
determine if arsenic soil action levels were specified. Every attempt was made to identify the
residential soil arsenic action levels for mining-related sites, sites that had been brought to our
attention by community members, and sites representative of other industries and regions.
However, the search was not exhaustive and it is probable that at least some relevant action
fevels were not obtained. Tables 5 and 6 summarize the findings from the database search and
swmmarizes additional information that was obtained from other EPA sources regarding the
action levels,

For muning or smelting sites (Table 53, arsenic soil action levels specified in the ROD as
resulting from site-specific risk for residential soils ranged from 46 mgke (Bl Paso Residential
Soils, Texas) to 340 mgkg (California Guleh, Colorado). For information, action levels at three
sites that were based on worker exposure are included in the table; the action levels based on
worker risk ranged from 200 mg/kg (Silver Mountain Mine, Washington) to 1200 mg/kg
{Murray Smelter, Utah). Six of the 28 mining/smelting sites had action levels denoted in the
ROD as determined by screening or background levels; these ranged from 20 mp/kg (Lava Cap
Mine, California} to 442 my/kg (Fremont National Forest/White King and Lucky Lass Urandum
Mines, Oregon). In many cases, information on bicavailability assumptions used in risk
calculations was included in site documentation; these ranged from 18.3% (Anaconda, Montana
soil} to 100% assumed due to variability in operable units (Kennecott North Zone, Utsh).

Table 6 summarizes results from several non-mining, non-smelting sites. These sites were mostly
pesticide/herbicide sites or wood treatment sites, which typically have high bioavailability. These
sites generally have arsenic residential soil action levels of 40 mg/kg or less, although higher
action levels may be set for non-residential populations or if risk management decisions justify
the yse of higher action levels.
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Table 5. Summary of Soil Arsenic Criteria* for Selected Mining and Smelting Sites

Basis of
Criteria
Soil Arsenic
* e P, ot
gty W ; x.  wes
State - Site Name ¢ ﬁg‘;& m K fé Notes on Relative Bioavailability
T Rie Rame Resi emial | < | Z1 S| Adjustment for Risk-Based Main Info Source
: % 5 %3 m Q ) > Y x
Unless Indicated | 3 Bl Criterla
. 21 5B
Otherwise) shi &1 B
s ) e
Dl oo o
&1 o= B
fsa ) QRN S
A - Lava Cap Mine 20 X MIA (nof rigk-based) 2004 Beoord of Decision
03 - Asargo Globe Plamt W X 809 Bor soily 30% for dust 199% Record of Degision
L4 - California Gulch 120-340 X No informution svailable 2003 Becond of Decision
20 - Vasquer Boulevard and 170 70 X 42% based on swine study 2003 Revord of Decizion
13 - Blackbind Mine 1040 X MIA ot visk-based) 2003 Becord of Devision
1D - Bunker Hill Residential Soils 0 X MNu information available 2002 Beoord of Decision
36 {future EPA Faot Sheat, July 2002,
3 - Talache Mine g‘; o éwmg{;{} X NéA (oot risk-based) "Cleanup in Dopositional Area Sa1
MRS, o Begin®
ID - Triumph Mine Tailings 300 X 16-80% based on "resulis of different g0 b0 oe Becision
AT & o studien and metal comtaminant sources™ 10 e
| MT - Anaconda Co. Smelier 230 X 18.3% soil, 25.8 ‘:;:gj based on primate | 400 Record of Decision
. ey . 0% 1 absence of site-specifi - .
MT - Basin Mining Area 1248 X %% ?E"f“’fm’ {3?.,"3&“ specific 2001 Becord of Decivion
....................................................... v wformation
MT - Clark Fork River {50 X 095 based on swing study 2004 Record of Decision
A X . . 18, 3% soil, 2389 dust based on
%b’ "“\“”'b. AW ?i\'m“‘g_ ¢ 3 £ o . v .,\? ,‘ ) . - F . P
;afv;inif gg;?g?;? reek/ Butie (Butte 250 Anaconda Co. Smelter primste study; | 2006 Record of Decision
S ) ' N sonfirmed with swine study
;i T j v Fen v e e ‘,‘.,‘ xS {}(» Len o — \\h, - 3‘5'?@5“. o o
MT - Upper Temdle Crozek Mining 130 30% in abisxa?u ai(%zm specific 30072 Record of Dovision
Area wlormation
NV - Ansconda Copper Co, 260 Dwonkers) X X MIA (ot risb-bused) 20035 Daty Sunimary Bpt
OK - National Zine Corp &0 X Mo information available 1995 Record of Devizion

" Criteri typically refer to action level for removal b may also refer wo remedial gonl, remedial sction objective, or screening level specified in decision or site documents as

criteris for dewermining some avtion on soil
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Table 5. Summary of Soil Arsenic Criteria® for Selected Mining and Smelting Sites

Basis of
Criteria
Soil Arsenic
Criteria’ in SR
Site. State ek | € | Notes on Relative Bioavailability
Site, & L, ERE O Adjustment for Risk-Based Main Info Source
{ Residential - BRI e
ko . Bl E ]k Criterin
Unless Indicated | 2| 5| 2
Otherwise) | &| 2| 2
EREA:
S I
LR - Fromw Natl PorestyWhite Kin . e . . " L
L_ﬁ ‘hfginwmANafi %;;mz»,g '&.gm“ King 342 X MN/A (not risk-based) 2001 Reeord of Decision
and Lucky Lags Liranhun Mines
OR - Fremont Natl Forest/White King
and Lucky Lass Urandum Mings 38 X MAA {not risk-based) ¥ Record of Decistun
fLucky Lass Sine only)
i : s 2001 Explanation of Significant
513 - Whitewood Creek 10 X 30% used o . &xgi*fmt oF Signitica
Differences
EPA B Paso site FADs at
TX - Bl Paso Residential Soils 46 X 37-44% basesd on swine stady BipSweow epagovioarth Irédsfel
% P g
v pang faus.him
. . \ ( - 202 Record of Deciston; 2008
LT - Dvenport and Flagsiaff oy F1% based onoanimal studiss fam Q vg‘“‘t"?df?f SSCIRION,
P & %
. 125 A Explanation of Significam
Smelers other sites Differcaces
LT - Jacobs Smelter 100 N “high” bioavailability 1999 Record of Decision
LT - Kennecon North Zone 2007 100% 2;:;@21:;;2 i:é?u:zzrmmf’ 2002 Record of Dogision
o 3 s id 2 vM %4 2%
UT - Kennevolt South Zone S-1M * 39% based on swing study B Record of Decisian
UT - Midvale Slap Al X No information svailable 2O Revord of Decision
UT - Murray Sl 1200 {workers) X 26% based on swine study 1998 Record of Degision
LT~ Sharon Steel Co, gl X 80% used 19894 Becord of Decision
WA« Stlver Mourtain Mine 200 tworkers) x Mo wformation available 1990 Regord of Dovislon
WA - Commencement Bay Nearshore 330t 8% tor soit and dust as a conservative | 1993 Revord of Decision: 2000 5-
Tidal Flats {Ruston/North Tacoma) " assumption Year Review
X

" Criteria typically refer 1o action level for removal but ey also refer w remedia

criteria for determining some aotion on soil,

T Risk suanagement decisions justify wie of eriteria higher than risk-hased criteria,

* Boils with arsenie hetween 20 and 230 m'kg requive comwunity education,

! goul, remedial action objective, or screening tevel speoified in decision or site documents as
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Table 6. Summary of Soil Arsenic Criteria® for Selected Non-Mining Related Sites — page 1 of 1

Main .
Source of Basis of
o Criteria
Arsenic
&g Cri t:;;‘%f:::g ko b Notes on Relative
State - Site Name 5 FUETA N mERE %12 Bioavailability et
B o {Residential w8 i " Main Info Source
ol - : . , e Adjustment for Risk-
R Undess Indieated | o} 2| & . o o vs s
ol ) ; CR I Based Criteria
BB Oitherwise) ERIGE
=3 B1OEIE
$1 51 & &1 21 5
w215 oy oW | W
LA~ Roppers Ine, {(Oroville Plant X 7154 X MNiA inot risk-based) 1989 Becord of Docision
{’l’& W;M?{“'ammgg & Baxter h. 4 20 X M (not risk-based) 1999 Record of Decision
Creosoting Plant
{4 - Belma Pressure Troatment Oo. X 25 X A {not risk-based) ii}% Hg k““f%‘?’?‘;“,"? .
Significant Differences
sy crs . . o . . 2003 Recond of Decision
&« Wallew W o G R } 4 r A y sh-hased]
A - Valloy Woud Preserving X 25 X MNiA {not visk-based) Amendmont
A - Woelfolk Chemical Works X 20 .4 Mone 1998 Record of Decision
LA - Contral Wood Preserving X 24} X NiA {not visk-basedy 2001 Beowrd of Decision
2512?«3 ) Mw{h}m&{”ﬁbm /Bell 557 X None 1984 Record of Decision
Lumber&Pole
MT - Silver Bow Creek/Butie A . . s X .
K * £ premivgns . ¥ . 3 ¥ nges o Dieeision
(Rocker OU) 388 {recreationad) Nong 1996 Revord of Deelsion
WU - Barber Orchard 4 44 Xl X Mone 2004 Record of Decision
TH - Rockwool Industries X 200 fworkers) 5 Mo information nvatlable 204 Bevord of Decision
LT - Hill Adr Force Base by 4.4 X MNOA (ot visk-based) 1995 Rocord of Decision

" Criteria typioally refir 1o action level for removal but may whso refey 1 remedisl goal, remedial action obiective, or sareening level specified n decision or site documents 1
criteria for determining some sotion on sail,

£ . T v > . w s = » >

" Risk managernent devisions justify use of eriteris bigher than sisk-based oriteria.
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IV, Exposure Evaluation

ATSDR evaluated representative residential exposure scenarios to assess the potential public
health impact of exposure to Anaconda residential soils, The following sections describe
ATSDR s evaluation of incidental and intentional ingestion of soil by children and adults. While
inhalation and dermal exposures o arsenic-containing soil and dust may also occur, the risk
contributed by these exposure routes is expected to be a small fraction of the risk from the
ingestion route [$9,67]. ATSDR notes that the residential soil action level applies to parks and
school grounds within the community of Anaconda in addition fo residential properties Ipersonal
communication, Charlie Coleman, September 17, 2007], This evaluation will apply to those
exposure pomnts as well

A, Child Chrounic Incidental Ingestion of Arsenic in Seil

In this section, ATSDR will evaluate potential public health impact of residential exposure to the
250 my/kg arsenic soil action level selected by EPA for cleanup, ATSDR assumed that a child's
meidental ingestion of soil and dust was equal to ATSDR’s standard conservative default of 200
mg/day. Further, ATSDR assumed that 45% of a child's daily incidental ingestion was to soil
comtaining 230 my/kg arsenic and that 55% was to household dust containing arsenic at 0.43
times the soil Jevel. This is the ratio of dust arsenic concentration 1o soil arsenic concentration
messured in the Bornscheln study reported in the 1996 risk assessment for Anaconda, In
addition, the calculations for incidental exposure of children assume daily contact with
contaminated soil and dust and 3 13,5-kg body weight {about 30 pounds, the mean wei eht for 2-
to 3-year-old children [36]), For a starting point, bioavailability of arsenic in soil and dust was
assumed to be 18.3% and 25.8%, respectively. To illustrate how assumed bioavailability affects
estimated dose, the effect of raising both values to 40% was also evaluated.

Evaluating exposure to arsenic in soil at the action level of 250 my/kg will overestimate
incidental exposure. Average arsenic soil concentration in vards that were not remediated were
less than 250 mg/ky, and yards that averaged more than 250 mg/ky arsenic had or will have
subareas with greater than 250 mg/kg removed and replaced. The clean il used for replacement
contamns less than 30 my/kg arsenic [personal communication, Charlie Coleman, February 7,
2007}, Therefore, remediated vards will have average arsenic soil levels below the 250 myg'kg
action level. For example, consider g hypothetival yard of 3 equally-sized subareas which, before
cleanup, contained 400, 240, and 150 mg/kg arsenic. The pre-cleanup vard average would be
400X(1/3) + 280%(1/3) + 150%(1/3) = 263 myg'kg, thus the vard would be subject to cleanup of
the subarea that was above 250 mgfkg. After cleanup, assuming the clean fill contained 30 mgke
arsenic, the yard average arsenic soil concentration would be 30x(1/3) + 240x(} By+ 18001
= 140 mg/kg, OF the 244 yards or lots requiring cleanup (out of 1091 yards tested), most have
been cleaned up as of February 2007, with a few pending actions [68]. Therefore, the average
surface soil arsenic conventration remaining in Anaconds is likely to be less than the 250 mgke
value evaluated here,

ATSDR considers the assumptions detailed above 1o e conservative for assessing health risk. As
described above, the average exposure concentration of arsenic is likely to be less than the 250
¥s

my'kg value selected. In addition, the soif and dust ingestion amounts are recommended
conservative values, and it is expected that most children would ingest less soil and dust, Dust
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arsenic concentrations would also be expected to be lowered from their current values as vards
are cleaned up and as normal housekeeping activities remove dust. The caleulations for
mcidental exposure of children assume more frequent contact with soil and a lower body weight
than assumed in the risk assessment. Finally, studying a range of biovavailabilities will address
potential uncertainty associated with these values,

The incidental exposure of children 15 then estimated as:

250 :"g% X 0.45 x 200 ﬁ%ﬁ"”g x 1107 5&“% x 0,183
Dose = & 5o - a‘f g 10t {s0il dose)
1354
0.43% 250 gﬁi}{m <2008 2% 107 ﬁi‘“‘; x0.258
. @ so¥ ‘ fery my soif (dust dose)
135kg

= 0.00053 7845
kg -day

The calculated arsenic exposure dose for a child exposed 1o soil at the action level, 0.00053
mg/kg/day, is higher than ATSDR’s minimal risk level for chronic exposure, 0.0003 mg/'kg/day,
50 ATSDR performed further evaluation of the scenario to determine if adverse health effects
would be likely {4]. ATSDR found that it is unlikely that such an exposure would result in
adverse health effects in children. The estimated dose is less than the dose observed in human
epidemiological studies that did not cause any health effects (the “no observed adverse effect
level™) [4]. Increasing the bioavailabilities of soil and dust to 0.4 (40%) to explore the potential
impact of uncertainty in the bioavailability adjustments used would increase the estimated child
dose to 0.001 mg/kg/day. This dose is about 25% higher than the no observed adverse effect
level from human epidemiological studies. The study on which the minimal risk level is based
found skin effects considered “less serious” {increased pigmentation and wart-like growths) at a
level of 0.014 mg/kg/day. Bevause the estimated dose is an order of magnitude smaller than this
effect level, and in light of the conservative assumptions discussed above (conservative
assumptions for soil ingesiion, exposure concentration, and duration and frequency of contact),
no adverse health effects would be expected from this exposure.

B. Cancer Risk from Chronic Oral Ingestion of Soil

A valealation similar to the one above was also performed for adults. In this calculation, adults
were assumed to ingest 100 mg/day of soil and dust and to weigh 70 kilograms (154 pounds). All
other assumptions were similar to the ones made for children. The resulting dose for incidental
exposure to soil for adults was 0.00005 mg/kgiday. To estimate cancer risk, ATSDR assumed 6
years of exposure as a child and 24 vears of exposure s an adult and multiplied the resulting
dose by the oral cancer slope factor, 1.5 (mg/ke/dayy”. The resulting excess cancer risk is given
as:
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ME

kg day’

%24 yrin LA

70 pr

{0.00053 “ !

Excess Caneer Risk =
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To explore the potential impact of uncertainty in the ioavailability adjustments used, increasing
the bioavailability of soil and dust 10 40% increases the estimated adult dose to 0.0001
mg/kgiday and the resulting estimated excess cancer risk to 1.8%10™, The actual risk of cancer,
however, is expected to be significantly lower than this value. Conservatively high values for soil
incidental ingestion were chosen, and, as described in the chronic child ingestion scenario above,
the arsenic concentration in soil & person would be exposed to over a lifetime would, on average,
be far lower than 250 myg/kg because of the remediation that has taken place already, Finally,
most people would spend time each day in other locations for work, school, or other daily
activities, as well as travel to other places each year for vacation or other events, Children
typically move to a different location after they grow up, None of these potential reductions in
gxposure potential were included in our caleulations,

£, Child Pica Behavior

Some children exhibit what is known as “pica” behavior, or intentional consumption of soil or
other non-food ttems (inchuding sand, clay, paint, plaster, hair, string, cloth, glass, matches,
paper, feces, and various other items) [36]. About half of children aged 1-3 vears old exhibit
some form of pica behavior and it is more frequent and more severe among developmentally
disabled children [536]. Data on soil pica in particular are Himited, but it appears to be less
common than general pica. Soil pica behavior can put a child at particular risk, however, because
the child can obtain 4 large dose of a contamimant present in soil, and because the soil would
typically come from a particular location, rather than various locations which could tend to have
lower average contaminant concentration, Ne particular concern about potential for soil pica
exposures was vowed 1o ATSDR from the community, However, because of the potential risk to
a speeial population, ATSDR evaluated the potential impacts of pica soil ingestion in Anaconda.

ATSDR recommends soil pica be evaluated assuming a soil ingestion of 5,000 mg/day for acute,
short-term exposure {S¥]. Additional assumptions employed included a body weight of 12.5 kg
{about 28 pounds, the mean for children aged 1-3 yeurs old [56]) and a bicavailability of soil of
0.183. For estimating the exposure concentration of arsenic in soil, the action level of 250 ma/kg
may not be a sufficiently conservative value. This is because the action level is based on yard
averages; yard subareas could have higher arsenic levels as long a5 the vard average was less
than 250 mg/kg. EPA rioted that future ROD amendments are planned to specify that any single
subares in a yard whose composite surface soil average is greater than 750 mg/kg arsenic will
automatically be cleaned up, regardless of the average total yard concentration [personal
communication, Charlie Coleman and Susan Griffin, both of U8, Environmental Protection
Agency, November 2006 and September 20071, Therefore, ATSDR assumed that & single
exposure to soil containing arsenic as high as 750 mg/kyg is still possible even with the cleanups
that have reduced the average vard soil arsenic concentrations to less than 250 mg'kg.

o
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Using these assumptions, the potential acute arsenic exposure dose upon a single pica ingestion
of soil is caleulated ax:

0E I e eroe ZE200 g 183
£ g soif
1254g

. my 4s
3 £

= {34

kg - day

The acute dose caleulated above is ten times the provisional acute MRL of 0.005 mg'kg/day.
Substituting a 40% bicavailability for soil to explore the potential impact of uncerfainty in the
bioavailability adjustments used increases the estimated dose to 0.12 mg/kg/day, Either of these
estimated doses is of convern. The provisional acute MRL is based on a study of poisoning in
which critical effects of facial edema, nausea, vomiting, and diarrhea were observed at a dose of
0.05 my/kg/day (the effects later subsided), While it is unlikely that circumstances would
converge in such a way that a susceptible child would consume the most highly contaminated
soil, the caleulated acute dose indicates an increased risk of such reversible health effects for any
children exhibiting soil pica behavior in Anaconda. Community members, and especially
parents, should be informed about soil pica behavior and how to reduce potential exposures in
children,

B, Additional Potential Sources of Exposure

The abave scenarios describe residential exposure to the highest arsenic concentration expected
to remain in residential surface soils after remedial actions are completed. The evaluation did not
include consideration of potential exposures that may oceur upon excavation of subsurface soil
{which could contain higher arsenic concentrations) or exposure to soil in areas that may nol
have been cleaned to residential levels. In most cases, if exposure is brief, adverse health effects
would not be likely, However, if activitios result in intense exposures or resontamination of
residential surface soil with higher levels of arsenic, un increased risk to public health might be
created, 1t is our understanding that EPA is working to characterize residual subsurface
contamination at this time [personal communication, Charlie Coleman, U8, Environmental
Protection Agency, April 17, 2007, In addition, the County, EPA, and ARCO are developing a
Community Protective Measures Plan to protect the community from potential future exposures.
ATSDR will provide public health input on this plan. In addition, ATSDR will, UPOT TOgUest,
evaluate specific situations that may occur in the community in the future,

ED_006899_00000338-00035




Anaconds Co. Smelier Sie Heulth Consultation

V. Conclusions and Recommendations
On the basis of the available literature and evaluation, ATSDR makes the following conclusions:

*  ATSDR considers the exposure and bivavailability assumptions made in EPA’s 1996
Baseline Human Health Risk Assessment for Anaconda to be reasonable in estimating
risk. However, ATSDR recognizes the potential for uncertainty in the bioavailability
factors chosen for sail and dust in Anaconda.

= Chronie exposure to soil at the residential action level of 250 milligrams of arsenic per
kilogram of soil would not be expected to result in adverse health effects for resident
children or adults. This conclusion would not change within anticipated uncertainties of
bioavailability or other exposure assumptions from EPA’s 1996 Baseline Human Health
Risk Assessment.

¢ Children who exhibit soil pica behavior could experience adverse health effects if they
ingested gram quantities of soil containing arsenic. This conclusion would not change
within antivipated uncertainties of bicavailability or other exposure assumptions from
EPA’s 1996 Baseline Human Health Risk Assessment. Aveas containing soil with arsenic
at levels high enough to cause adverse health effects upon soil pica behavior could
remuain, even after cleanup.

¢ Changing conditions at the soil surface due to activities such as excavation could increase
the risk and may require fiurther evaluation,

ATSDR makes the following recommendations to prevent potentially harmful exposures:

EPA and ARCO should continue cleanup of residential properties.

» The Community Protective Measures Plan should include education of parents about
risks associated with soil pica behavior in children.

»  The Community Protective Measures Plan should include measures to protect against
potentisl recontamination of residential surface soils with arsenic-contaminated
subsurface soils,

Lt
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Vil Additional Information Reviewed

Information provided by private citizens:

&

Private Citizen. Letter to L. Campbell of the Agency for Toxic Substances and Discase
Registry requesting evaluation of arsenic levels in the Anaconds, Montang area. June 6,
2008,

Washington State Departruent of Heology, Questions and answers, Tacoma Smelter
plume, vear end 2001, Publication 01-09-087, January 2002,

Washington State Department of Ecology. Dirt alert, arsenic and lead in soils. Publication
03-09-036. Not dated.

Printed web material from Washington State Department of Ecology site regarding
Mases Lake City Maintenance Facility, what is area-wide soil contamination, dated
573042006,

Source unknown, [Montana] County {cancer] incidence rates by site with 95%
confidence intervals. Not dated.

Excerpt from conference proceedings regarding smelter arsenic production and historical
disease rates in Butte and the county where the smelier was located, Dated 1990,
Association for the Environmental Health of Seils. Study of state soil arsenic regulations.
Amberst {MAY: Association for the BEavironmental Health of Soils. Not dated.

Mentana Departroent of Environmental Quality Remediation Division. Action level for
arsenic in soil. Dated April 2008,

Source unclear, Table E-1. Example of round 1 sampling of residential yards and alleys,
Nt dated.

State of Montana Department of Public Health and Human Services. Results of chemical
analysis for arsenic and cadmium on soil sample. Dated March 3, 2006.

Snohomish Health District, Guidelines for reducing potential exposure, Everett Smelier
Site. Not dated.

Private Citizen. Letter fo R, Bertram of U.S, Environmental Protection Agency
commenting on Superfund program clesnup propoesal for the Butte Priority Soils
Uperable Unit of the Silver Bow Crecl/Butte Area Superfund site. January 25, 2005,
Ansconda site map and photos. Not dated.

lnformation provided by Anaconda-Deer Lodge County [all received by ATSDR in Atlanta
electronically on February 27, 2007}

#

Michaud B. Memo to I, Kuipers of Kuipers and Associates, RE: Preliminary findings,
residential arsenic soil action level, Anaconda Smelier Superfund site. Fairfax (VA
SRA International, Inc. February 28, 2007,

Microsoft Word summary entitled “Mining Sites with Soil Arsenic and Lead
Action/Cleanup Levels™

Microsoft Word summary entitled “Sites with Soil Arsenic and Lead Action/Cl eanup
Levels”

Information provided by ARCO:

#

Schoof R, Nelson I Memo to L. Birkenbuel of Atlantic Rickfield Co., RE: Rasis for and
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protectiveness of arsenic soil cleanup level for Anaconds Community Soils QU Mercer
Island (WAY Integral Consulting Inc. Febwuary 26, 2007,

Information provided by EPA:

+  Griffin 8. Memo to C. Coleman of U5, Environmental Protection Agency, RE:
comments on memorandum from SRA International entitled “preliminary findings,
residential arseniv soil action level Ansconda Smelter Superfund site.” Denver: U5,
Environmental Protection Agency, Region 8 March 6, 2007,

+  Verbal information regarding site history, decisions, procedures — Charles Coleman,
Remaedial Project Manager and Susan Griffin, Senior Toxicologist,

= Site docwments not available on Internet,

Other information conveyed (includes information obtained from multiple sourcesy:

+  Telephone discussion on February 2, 2007 and draft unpublished report, Hm W, White,
Tosicologist, Washington State Department of Health.

*  Tracy L Report calls into question arsenic cleanup: consultant suggests different
standards used in other mining-impacted towns. Anaconda Leader, Wednesday, February
28,27,

s Tracy J. ARCo veport supports higher arsenic levels: EPA agrees with assessment of
health rigks, urges county to *get on board.” Anaconda Leader, March 2, 2007,
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IX. Appendix A. Public Comments and Responses

This health consuliation was available for public review and comiment at the Hearst Free Library
in Anaconda, Montana. The document was also available for viewing or downloading from the
ATSDR web site. The official public comment period was open from June 1, 2007 through July
13, 2007, and requests from the public to submit comments into August 2007 were accepted.

The public comment period was announced o local media outlets, ATSDR presented and
diseussed the findings of the health consultation with community members at a public meeting
and avatlability sessions held on June 13 and 14, 2007, at the Hearst Free Library in Anaconda,
Montana. The health consultation was sent 1o federal, giate, and local officials as well as certain
private citizens who had expressed interest in results of the comsultation. Comments were
received from EPA, a local community group, Anaconda-Deer Lodge County, contractors
working on behalf of the county, and a private citizen, Comments are paraphrased for brevity
and organization below, along with ATSDR responses. Some of the comments received were not
directly related to ATSDR s work at the site and are not reproduced herein; these comments
were forwarded to appropriate local or federal officials for consideration.

Comment from an EPA offivial:

Comment Al: It is important to communicate to the public how infrequently soil pica behavior
actually occurs, both from a population perspective and from a repeated activity perspective. Al
ATSDR s expert workshop on soil pica behavior in June 2000, the experts noted that the soil
pica ingestion rate of 3000 mg/day is supported by only a few subjects in soil ingestion studies.
In a review of a number of key soil ingestion tracer studies {Binder et al, 1986; Clausing ot al,
1987, Calabrese et al, 1989, Davis et al, 1990; Van Wijnen et al 1990, Stanck and Calabrese,
1995, Thompson and Burmaster 1991; and Sedman and Mahmood, 1994) only one child out of
ever 600 children invelved in all the studies showed pica behavior, The child in question
exhibited daily soil ingestion rates which ranged from 74 1o 13,000 mg/day during the two week
study. Although soil pica behavior does occur in a small percentage of the population, it does not
oceur on & repeated basis over an extended period of time, The use of the acute MRL 1o compare
with a pica intake is appropriate because it represents an infrequent or one-time event, My
concern i8 that the general population may think a child engaging in pica behavior will do this
every day pver seversl vears.

Al Response: Thank you for providing this information. We agree that current studies suggest
that soil pica does not appear to be very common or persist for lengthy periods in children.
However, because the phenomenon has not been particularly well characterized or studied and
could result in harmful exposures, we believe it is appropriate to inform parents of this potential
risk.

Comments from a citizens” group:
Comment A2: They based all their statistical information on someone else’s data. .. none of it

recent and no samples from actual yards in either Anaconda or Opportunity.... The study was
done using a hypothetical madel, meaning no actual testing of soil from our homes was used.
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The study did not include any recreational property such as playgrounds, parks or anywhere else
that our Kids and pets play, just a “typical” home with no access o any dirt below 2 inches.

A2 Response: ATSDR was asked to evaluate whether the arsenic residential action level was
protective, so we focused our evaluation on residential properties and assumed residential
exposure 1o soil at the action level. This would be a “worst-case”™ scenario for residential
exposure, since many vards contained arsenic at average levels lower than the action level, and
those with higher average levels are or will be cleaned up to the action level, Although ATSDR
had access to data on residential soil arsenic levels, it was not necessary to use them in the
evaluation. Regarding playgrounds and parks, the Record of Decision for Anaconda states that
playgrounds and parks within Anaconda are 1o be subject to the residential arsenic action lovel,
so this evaluation is applicable to those arcas as well (see comment A7 below for specifics),

Comment A3: The evaluation does not pertain 1o people who live on larger plots of land or if
children play cutdoors more than 20 days a vear. The evaluation does not include demographic
vartables for ts area.

A3 Response: The evaluation assumed children were exposed 1o residential soils on a daily
basis, 50 it is applicable to children who play outdoors every day. (To be conservative, we did
not reduce the cutdoor usage assumption even though it is unlikely children are exposed to soil
a8 much in the winter due to cold or snow cover.) The evaluation is valid for all residential plots
subject to the residential soil arsenic action level, regardless of the acreage.

Comment Ad: If you took all the appropriate precautions THEN the 250 mg/ke action level was
safe. Why should we have to take all these precautions to feel safe in our own vards?

A4 Response: The commenter’s statement is inaceurate, The evaluation performed assumed
normal activities with no special precautionary measures. The action level was found to be
protective for chronic exposures in this case. If residents ave still concerned about arsenic
exposure despite this finding, precautionary measures can be taken to give an additional degree
of safety. Additional actions might be warranted to prevent acute exposures if a child exhibits
soil pica behavior (eating teaspoon quuntities of dirt), and we recommend educating parents
about ways to minimize the likelihood of such exposures.

Comment AS: Why isn't the EPA telling ARCO that resident’s of ADLC and surrounding aveas
deserve to live and breathe in o safe environment instead of hiring another government agency 1o
perform such an irrelevant study and then present such a study 1o the community telling them
they are safe?

AS Response: EPA did not hire ATSDR to do this evaluation. A private resident of Anaconda
requested ATSDR to perform this evaluation. While EPA cooperated with ATSDR in providing
data and background information, ATSDR performed the evaluation independently and
considered mformation from local citizens, officials, and others not associated with EPA or
ARCO,

Comment Ab: OUPA members asked questions relating the cancer and respiratory illness seen
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so profoundly in our neighborhoods and were divected to the Health and Human Services
“Tumer Registry™ to access that information.

Ab Response: Yes, that's eorrect, Questions about cancers and reportable diseases in the
community should be directed to Dr. Carol Ballew with the Montana Department of Public
Health and Human Services {DPHHS) Dr. Ballew (406-444-6988) is an Epidemiologist
assigned to the Montana Tumor Registry which routinely responds to inquiries. ATSDR does not
conduct routine surveillance of state tumor or reportable disease registries. However, ATSDR
will assist state, federal and local public health agencies to investigate cancer/disease clusters
associated with unplanned chermical releases into the environment.

Comment A7 When we realized that this study was not reflective of our real situation we asked
if they could do another study using data from actual testing done from the area, not obtained by
ARCO, and to consider the following demographics of this area: 1. Include plavgrounds, parks
and school yards and other recreational areas: 2. Factor in the large number of days we are
exposed; 3. Consider that we disturb the soil more than 2 inches on a regular basis; 4. That it is
not reasonable to expect that this population routinely practices the safety measures that this
study recommends.

AT Response: As described above, the current health consultation did account for points 2 and 4
in the comment; daily exposure 1o residential soil with no added precautionary measures was
assumed. In addition, point 3 was considered and ATSDR concluded that disturbance of
subsurface soils could change pur conclusions and would require further svaluation. ATSDR
recommended that the Community Protective Measures Plan address the possibility of
recontamination of surface soil with arsenic-containing subsurface seils. Finally, the purpose of
the consultation was to answer the question of whether the residential action level for arsenic
was protective; however, according to EPA’s Record of Decision for the Community Soils
Oiperable Unit,

Resndential soils include yards, parks, school grounds, or other play areas. Also included are barren
driveways, alleys, ar other conmmon areas adjacent to yands which may contribute to the
comtamination of yards and which may be frequented by children {11,

Therefore, the areas within town such 48 school grounds and parks would be subject to the same
residential soil action level and cleanup criteria as residential properties. The conclusions
ATSDR veached for the protectiveness of the residential action level would also apply to these
areas, Recreational areas not in town would be subject to the action level of the adjoining
property, so for example walking trails near the Old Works golf course would be sublect to the
recreational action level, ATSDR finds this policy to be protective of the use of these areas.

Comment AB: It appears that this hypothetical study did two things. It got Arco off the hook and
provided job security for folks working for another Government agency that is self serving.

AB Response: ATSDR attempted to perform an unbiased evaluation of the initial question posed
to us by the Anaconda resident, considering all the scientific evidence available. We recognize

some community members” feeling that they are bearing an unfair burden due 1o past mining
practices in their town. We hope that the findings of this evaluation will reassure residents that it
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is possible to live a normal 1ife in the area without adverse health impact.
Comments from Anasconda-Deer Lodge County:

Comment AY: The assumptions and studies used 1o derive the residential arsenic soil action
tevel for the AR/BP site are sigaificantly less conservative than those used to derive similar
levels at other mining and smelter sites and results in significant uncertainties regarding the
protectiveness of this action level which are not adequately identificd and addressed in the
ATSDR report.

A% Response: ATSDR does not agree with this comment. At the request of the community,
ATSDR mcluded in Table § a summary of arsenic soil action levels from other sites. The soil
and dust biouvailabilities for the Anaconda site soil were lower than bivavailabilities used at
ather sites. However, ATSDR s review of bioavailability studies for various sites indicated that
assumptions used and interpretation of study results to obtain a site-specific bioavailability were
sumilar for Anaconda and the other mining sites. In addition, as documented in the report, other
assumptions used in developing the action level for the Anaconda site were found to be
appropriate. These were addressed on a point-by point basis in the section of the report entitled
“IHL Response o Community Requests.”

Comment A0 If the 250 part per million residential action level is to be used for the AR/BP
Sue remedy a comprehensive and conservative Community Protection Measures Program
{(CPMP) must be developed and implemented, with adequate funding for ADLC fnvolvement, to
ensure that the remedy is protective of human health and the environment.

Al6 Response: ATSDR supports development of an appropriate CPMP and made
recommendations in the consultation to address issues we identified in which adverse health
effects could be possible given the current action level and cleanup plans, ATSDR does not
control funding issues; however, ATSDR is willing to work with the local community, upon
©request, to give further public health lnput on the CPMP as it is developed.

Comment All: Review of this action level should be required a5 a significant part of the five-
year remedy review process to ensure that current sgience is applied that might change these and
other previous findings and to address the significant uncertainties in EPA’s determination of the
arsenic action level,

All Response: ATSDR agrees that this would be a prudent public health action. However, EPA
determines the scope of is five-year reviews, We note, also, that the conclusions we reached in
this consultation are based on the information currently available. Our conclusions could change
on the basis of new site- or substance-related information.

Comments from contractors working on bebalf of Anaconda-Deer Lodge County:
Comment A12: Our analysis suggests that the protectiveness of the Anaconda Smelter remedy

is very sensitive to arsenic bivavailability assumptions, and the remedy relies on interpretations
of the bioavailability data that are not supported by the science and are inconsistent with the state
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of past and present risk assessment and management practice. Very modest increases in
bicavailability factor (BAF) values for soil and dust (<19 suggest that the canver risk associated
with a residential arsenic soil action level of 250 mg/kg exceeds EPACs nisk range, More
conservative interpretations of the Anaconda Smelter bioavailability study, consistent with risk
management decisions at other Superfund sites, would suggest & much lower action level.

A2 Response: ATSDR Y evaluation showed that the bioavailability factors assumed for the
Anaconda site are valid, As detatled in the section on bicavailability factors starting on page 17,
ATSDR found that reasonable uncertainty in the assumed bivavailability factors for soil and dust
would not likely impuct the calculated soreening level to a significant degree. ATSDR s
exposure evaluation considered uncertainty in assumed bioavatlability factors; ATSDR s
conclusions were unchanged for bipavailability factors up 10 40%.

Comment A13: The Community Protective Measures Plan {CPMP) should consider the
relatively high degree of uncertainty associated with the residential soil arsenic action level and
should focus on g broader range of issues, including more generally focused education and
comimunity awareness programs, cleanup of house dust and control of non-soil spurces of
arsenic, and attontion to the effectveness of surface soil reclamation in both regidential and
surrounding areas,

Al13 Response: The arsenic action level is an EPA-determined value, The health consultation
showed that its implementation would be protective of public health, If the community desires to
address perceived uncertainty 1o risk associated with that value by increasing community
awareness and undertaking additional contaminant reduction programs, those measures would
add to protection of public health,

Comment Ald: The ATSDR report states, .. owith the exception of Mill Creek children who
have long since been relocated, biomonitoring has not detected elevated levels of arsenic in
Anaconda or Opportunity children or adults, at least since the smelter ceased operations.”
According to the Anaconda Smelter Baseline Human Health Risk Assessment (HHRA),
Appendix I3, the Bornschein study found that 27 out of 364 children for which data were
available (7.4%) had total arsenic levels in urine at or above 50 ug/L, and 28 out of 366 children
for which data were available {7.7%) had speciuted arsenic levels in urine at or above 20 ug/L,
levels at which ATSDR considers arsenic exposure “clevated”™ (CDM 19963,

Al4 Response: Thank you for pointing out this error. In reviewing the Hwang study [14],
ATSDR misinterpreted column headings on one of the tables. Appendix D of the HHRA
includes the complete data set for the samples collected in the Hwang study, and the values cited
by the commenter are accurate. ATSDR has rovised discussion of this study on pages 8 and 10 of
the document in response o the comment,

Comment A15: The ATSDR report does not consider the uncertainty inherent in the
hioavailability studies and whether the interpretation of the Anaconda study was appropriate
given the state of the science, risk assessment practice, and risk management decisions at the
time and since. The state of the science and practice, then and now, suggest that the
mterpretation of the Ansconda study was not conservative, Risk assessors since the Anaconda -
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study have consistently employed more conservative interpretations for site-specific risk
assessment. See the May 4, 2007 memuorandum, page 5, Intevpretation of Sire-Specific
Bigervailubility Stedy for a more detailed discussion of this ssue.

AlS Response: ATSDR does not agree with the statements in this comment, ATSDR considered
and found that the selection of bioavailability Factor for the Anaconda site was appropriate and
within normal risk assessment practice. Bivavailability factors are determined similarly, through
urinary excretion factors, in all the studies cited in the health consultation; ATSDR was not able
to discern any change in how the determination was made between studies in previous vears or
since. The commenter stutes elsewhere that upper confidence lmit values for RBA should be
used in preference to mean RBAs; however, in all studies reviewed by ATSDR, the mean RBA
was used. (In one case for the VBE-70 site, multiple RBAs were determined for various regions
of the site and the upper confidence Himit value of those mean RBAs was used for stte-wide
caleulations.} As detailed in the health consultation, a number of other bicavailability studies
have consistently shown the Anaconda hingvailability 1o be similar 1o or lower than the selected

been selected using normal risk assessment practice.

Comment Al6: See the May 4, 2007 memorandum, page 5, Interpretation of Anaconda Urine
Studdy for comments on the Himitations of the approach used 1o evaluate exposure assessment
maodel and {indings regarding the model’s ability to predict vard-specific exposure,

A16 Response: ATSDR agrees that #tis vintually impossible o predict individual or vard-
speciiic exposures. We support the use of exposure assessment models to make site decisions,
affecting the community in general, in o reasonable manner, As detailed in the health
consultation, ATSDR concluded that the assumptions made by EPA in developing the exposure
assessment model for Anaconda were appropriate,

Comment A17: EPA guidance siates that urinary excretion fractions (UEF) do not account for
all absorbed arsenic, including arsenic administered as agueous sodium arsenate. EPA notes that
relative bioavailabality (RBA) calculated as a ratio of UEFs should be used for BAF values 1o
account for dus phenomenon,

Al7 Response: As detailed beginning on page 17 of the document, we confinned your point
that, technivally, relative bicavailability should be used rather than absolute bioavailability,
However, as discussed, interchanging the two does not make 3 significant difference in the
screening level obtaiped,

Comment A18: The report siates “the bioavailability values used at Anaconda were shown to be
consistent with actual exposure data from the community.” This conclusion depends on the
degree to which the urinary arsenic data are representative of actual exposures of the average
individual and, thus, provide & sound basis for evaluating the CTE assumptions,

A18 Response: The statement from the report is true. 1 is also true that actual exposure data
from the community may not entirely describe every individual's arsenic level at every time,
However, the use of such community information is typically and appropriately used to make
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inferences about exposure and site-wide exposure assumptions.

Comment A1%: Ouwr review indicates that the majority of Buperfund arsenic exposure
assessments use 93% upper confidence linits (UCLs) of experimentally-determined arsenic
RBAs. Use of the ¥5% UCL arsenic bloavailability estimate based on the Anaconda study
would depress the residential soil arsenic action level to 162 mp'kg, a 35% reduction. This i3 in
direct contrast to the ATSDR finding.

Al9 Responses All studies reviewed by ATSDR {and documented in the health consultation)
used means {(averages) of experiments! data, not upper confidence limits, for determining relative
bipavailability. ATSDR found one case where the upper confidence limit of several mean RBAs
for a particular site was used to determine o site-wide RBA. ATSDR concluded that the
procedure used by EPA 1o determine the bloavatlability for the Anaconda site was appropriate.

Comment A2 The report states, ... the one [convern] with the greatest potential for affectin
estimated exposures 15 the possible underestimation of bivavailability vesulting from incomplet
arsemic recovery.” Our analysis suggests that that the use of relative versus absohne
bioavailability would have litle effect on estimating exposwres. The non-conservative
interpretation of the Anaconda bioavailability study has had the groatest effect on the estimation
of arsenic exposures. Table 2 of the May 4, 2007 memorandur compares the effect of different
exposure assumptions on the residential sail arsenic action level.

£
g‘:

A20 Response: ATSDR concluded that the original interpretation of the Anaconda
bioavailability study was appropriate and valid,

Comment A21: Concern with 1) appropriate soil ingestion rate to be used as the basis for
apportioning ingestion - Default combined soil and dust ingestion rates are based on tracer
concentrations in soil only and they underestimate combined soil and dust ingestion rates, 2) the
impact of isolating separate media in the derivation of risk-based action/cleanup levels - because
action levels are valeulated for one medium at a time, the apportionment of exposure 1o more
than one solid medium will unequivocally result in less conservative action levels.

A2l Response: As stated in the health consubation, Superfund Risk Assessment Guidance states
that the 200 myp/day ingestion rate accounts for both soif and dust exposure. In addition, EPA
guidance recommends the method of apportioning soil and dust using the apportionment method.
As deseribed in the health consultation, Anaconda-specific dats on sotl ingestion do not justify
deviating from normal guidance procedures. Therefore, the method used in the heslth
consultation and EPA’s exposure assessment calculations is appropriate.

Comment A22: Bioavailability assumptions used to derive the action level for the Anaconda
Smelter site are significantly less conservative than those used to derive arsenic action levels at
similar mining and smelter sites, The ATSDR report provides inadequate information for a
comparison of critical factors driving differences in action/cleanup levels.

A2 Response: ATSDR included the 7 sites reviewed by this comumenter in our table, along with
ather sites, to give a more complete picture of the range of action levels at arsenic sites, ATSDR
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mchuded ths information at the request of the community. The soil and dust bioavailabilities for
the Anaconda site soil were lower than bloavailabilities used at other sites. However, ATSDR s
review of bioavailability studies for various sites indicated that assumptions used and
interpretation of study results o obtain a site-specific bivavailability were similar for Anaconda
and the other muning sites. ATSDR would have liked to provide maore information on how
bicavailability and other risk management factors influenced action level determination, but in
most cases, available documentation for the listed sites did not include these details,

Comment A23: It Is unclear why the NOAEL is a more appropriate point of reference than the
MRL for evaluating potential health effects from arsenic exposure in Anaconda.

A23 Response: ATSDR s minimal risk levels are levels below which health effects are not
expected and are therefore used as an initial soreen. Exceedances of these screening levels do
NOT indicate that health effects are likely; they merely indicate 1 need for further evaluation.
This further evaluation can include modifying exposure assumptions to more closely reflect
actual exposures. ATSDR then compares these more realistic exposure estimates with known
toxicological and epidemiological no-effect or lower-effect levels (INOAELs or LOAELs) to
make a final determination of whether a given exposure is Hikely to result in adverse health
effects, Please refer to ATSDR s Public Health Assessment Guidance Manual, which can be
found on the Internet at hitp/www atsdr cde pov HAU PHAManuall, for further information
about how ATSDR evaluations are performed.

Comment A24: Bicavailability estimates used in the Anaconda exposure assessment are not
conservative and do not account for significant uncertainty regarding the factors affecting
arsenic bioavailability in humans, potential variability within the human population, sources of
experimental error in bicavailability studies, and the ability of existing animal models to predict
bicavadability in humans. ... The assumption that the default soil ingestion rate can be
apportioned between soil and dust ingestion introduces another source of non-conservatism to
the exposure model. These non-vonservative assumptions should be weighed when making
judgments regarding the potential for adverse health effects from arsenic exposure in Anaconda.

A24 Response: ATSDR did address potential uncertainty in the bicavailability factors as well as
the other issues raised in this comment. We found that, even with uncertainty, ATEDIR &
conchusions remain the same,

Comment A25: After accounting for computational issues, an increase in the soil snd dust BAFs
of less than 1% would correspond 1o & an excess fifetime cancer risk in excess of 1x10% at a
residential arsenie soil action tevel of 230 mgf.&:g A4t would be reasonable to conclude that the
actual risk of cancer could be greater than 1x107 at the 250 mg/kg action level. This finding
should be weighed in the ATSDR report when making judgments regarding the likelihood of
cancer effects from arsenic exposure in Anaconda.

A2S Response: ATSDR's cancer risk evaluation included consideration of potential uncertainty
in bioavailability assumptions and found that an increased risk of cancer was unlikely. ATSDR

continues to conclude that chronic exposure to the residential soil action level would be unlikely
to increase the risk of cancer,
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Comment A26: The ATSDR report concludes, “Chronic exposure fo soil at the residential
cleanup level of 250 milligrams of arsenie per kilogram of soil would not be expected to result in
adverse health effects for resident children or adults.” In contrast, our findings conclude that
significant uncertainty remains regarding the protectiveness of the residential soil arsenic action
level, as outlined above and in our May 4, 2007 memorandum,

A6 Besponse: We recognize that some in the community feel that the action level is
inconsistent with other sites. However, ATSDR continues to conclude that chronic exposure o
soil at the residential action level of 230 milligrams of arsenic per kilogram of soil would not be
expected 1o result in adverse health effects for resident children or adults.

Comment A27: If the non-conservative assumptions regarding bioavailability under-predict
actual exposure, the action level of 250 mg/kg may not be protective of human health, 1 this is
the case, areas could exist within the community that comply with the 250 ma/kg action level
but, nonetheless, present unacceptable risk,

A27 Response: ATSDR continues to conclude that chronic exposure to the action level would
not result in health effects. ATSDR continues to conclude that soil pica behavior could result in
health effects if a child ingested teaspoon amounts of arsenic-contaminated soil. This rigk for
acute (short term) effects could exist even within properties whose average soil level is below the
action level.

Comment A28: Given the relatively high degree of uncertainty associated with the 250 mg/kg
residential soil arsenic action level, we believe that in addition to addressing the issues outlined
by ATSDR, the CPMP should focus on 4 broader range of issues, including: (1) more generally
focused education and community awareness programs that: encourage parents 1o minimize
activities that involve incidental soil ingestion, regardless of whether their children exhibit pica
behavior; encourage residents to follow housckeeping practices that minimize the sccumulation
of dust in living spaces; and encourage residents to maintain vegetative cover on soil on their
properties; and (2} adequate, sustainable funding and staffing for local programs to: carry out the
community education and awareness programs; support the investigation and mitigation of
sources of arsenic contamination unrelated to outside soil, including attic dust and worker
clothing; support residents” efforts to maintain vegetative cover on soil on their properties: and
ensure the continued effectiveness of surface soil reclamation activities in other residential and
surrounding sreas.

A28 Response: ATSDR s recommendations for the CPMP were meant to address issues we
identified in which adverse health effects could be possible given the current action level and
cleanup plans, not to Hmit the CPMP. If the community or individuals want an added sense of
security, additional precautionary measures could serve to further minimize risk, ATSDR is
willing to work with the local community, upon request, to give further public health input on the
Community Protective Measures Plan as it is developed.
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